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Pulmonary Arteriosclerosis and Thromboembolism 
in Chronic Pulmonary Emphysema 


JULES A. KERNEN, M.D., Indianapolis; ROBERT M. O’ NEAL, M.D., and DAVID L. EDWARDS, M.D., St. Louis 


Many patients with chronic pulmonary 
emphysema develop pulmonary hypertension 
and exhibit the clinical and pathological 
features of chronic cor pulmonale. In addi- 
tion, many of these patients are found to 
have extensive arteriosclerosis of the small 
pulmonary arteries. The mutual interrela- 
tions of pulmonary hypertension and pulmo- 
nary arteriosclerosis in chronic pulmonary 
emphysema, and also in other diseases, have 
been emphasized by many authors, and each 
condition has been postulated as the cause of 
the other.'* It has been asserted that the 
pulmonary hypertension is an important 
cause of the pulmonary arteriosclerosis. 
However, in recent years evidence has been 
presented indicating that advanced degrees 
of pulmonary arteriosclerosis are not neces- 
sarily associated with pulmonary hyperten- 
sion and that thromboembolic processes may 
be a much more significant factor than 
pulmonary hypertension in the development 
of pulmonary arteriosclerosis. These reports 
have included morphologic studies of pa- 
tients with congenital heart disease® and 
mitral stenosis ® and experimental studies on 
laboratory animals subjected to pulmonary 
embolization by various techniques.” How- 


Submitted for publication Nov. 15, 1957. 

From the Department of Pathology, Indiana 
University Medical Center (Dr. Kernen) and the 
Department of Pathology, Washington University 
School of Medicine (Drs. O’Neal and Edwards). 
During the preparation of this paper, Dr. Kernen 
was a trainee of the National Cancer Institute. 


ever, apparently no systematic morphologic 
study has been made of the possible inter- 
relations of hypertension, arteriosclerosis, 
and thromboembolism in pulmonary arterial 
trees of patients with chronic pulmonary 
emphysema. 

This report is an analysis of pulmonary 
arteriosclerosis, right ventricular hypertro- 
phy, and pulmonary thromboembolism in 
125 patients, autopsied either at Washington 
University or at Indiana University, who 
had died with diffuse pulmonary emphysema 
of moderate or advanced degree (either as a 
primary cause of death or as an incidental 
accessory finding at autopsy). As in prev- 
ious studies, we have used right ven- 
tricular hypertrophy as presumptive evidence 


that pulmonary hypertension had been pres- 
ent during life. 


Materials and Methods 


The complete autopsy files of Washington Uni- 
versity School of Medicine and of the Indiana 
University Medical Center were examined; these 
represent a combined series of over 25,000 con- 
secutive autopsies, performed during a period of 
more than 40 years. All cases in which a diagnosis 
of chronic pulmonary emphysema had been made 
were selected for initial screening. In both in- 
stitutions, the degree of the emphysema in each 
case had been estimated as being “slight,” “moder- 
ate,” or “advanced.” Only those cases that had 
been diagnosed as being of moderate or advanced 
degree were studied further. All cases which had 
some other chronic pulmonary disease, such as 
tuberculosis, bronchogenic carcinoma, or bron- 
chiectasis, or which had significant valvular or 
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Fig. 1—Grade 1 pul- 
monary arteriosclerosis in 
a small muscular artery 
An eccentric fibrous in- 
timal lesion, not as thick 
as the media, lies directly 
on the internal 
lamella; 375. 


elastic 


congenital cardiac disease were excluded. After 
the above screening, 125 cases of chronic pulmonary 
emphysema proved suitable for inclusion in the 
study. 

From all of the selected cases, paraffin blocks of 
tissue of lung fixed in Zenker-formalin or neutral 
formalin were recut and stained, either with alde- 
hyde-fuchsin-Van Gieson or with Verhoeff-Van 
Gieson stains.” 

The microsections were examined, and the per- 
tinent observations recorded, without reference to 
the protocols. Among the microscopic observations 
tabulated were extent and severity of arterio- 
sclerosis in small muscular pulmonary arteries and 
presence of thromboembolic phenomena. Small 
muscular arteries contain a well-defined muscular 
media bordered by internal and external elastic 
lamellae. We have used the excellent classification 


of Brenner“ and have preferred not to attempt a 
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study of arterioles, since in the lung they do not 
have a continuous muscular and therefore 
cannot always be distinguished from venules. 

In all cases, microscopic examination confirmed 
the gross diagnosis of pulmonary emphysema. They 
exhibited the three microscopic criteria suggested 
by Hartroft™: decrease in average alveolar depth, 
increase in average alveolar diameter, and flattening 
of the interalveolar septa. 

The severity and frequency of arteriosclerosis 
in small muscular pulmonary arteries were graded 
separately, with use of a system previously 
described by one of us.° Severity of arteriosclerotic 
changes, chiefly fibrous intimal thickening, was 
graded as follows: Grade 1 indicates a lesion 
significantly less thick than the media of the same 
vessel (Fig. 1); Grade 2 indicates a lesion ap- 
proximately as thick as the media (Fig. 2), and 
Grade 3 indicates a lesion definitely thicker than 


coat 


Fig. 2.—Grade 2 pulmonary ar- 
teriosclerosis in a small muscular 
artery. A concentric fibrous in- 


timal lesion, approximately as 
thick as the media, narrows the 
lumen. Note the well-defined 
muscular media and wrinkled in- 
ternal and external elastic lamel- 
mes 
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the media (Fig. 3). Frequency was graded in an 
analogous manner: Grade 1 for frequency indicates 
that one to three lesions were encountered in each 
tissue section; similarly, Grade 2 indicates four to 
six lesions, and Grade 3, more than six lesions in 
each tissue section. The average sizes of the tissue 
sections in each case were approximately the same, 
and two or three sections were studied in most 
cases. To facilitate statistical analyses, grades for 
frequency and severity were combined to obtain 


Fig. 4—A clearly rec- 
ognizable partially organ- 
ized thrombus in a large 
muscular pulmonary ar- 
tery. Reduced 28% from 
mag XX 125. 


Kernen et al. 


Fig. 3.—Grade 3 pulmo- 
nary arteriosclerosis in a 
small muscular artery. The 
fibrous intimal lesion is much 
thicker than the media, and 
the lumen is reduced to a 
narrow slit; 300. 


a single figure. If both frequency and severity were 
graded as 1, or if frequency was graded 1 and 
severity, 2, or vice versa, a combined grade of 
1 (“slight”) was assigned for combined frequency 
and severity. If both frequency and severity were 
graded 2, or if either was graded 3 and the other, 
1, a combined grade of 2 (“moderate”) was as- 
signed. If both were graded as 3, or if either was 
graded as 3 and the other, graded as 2, a com- 
bined grade of 3 (“advanced”) was assigned. 


PULMONARY ARTERIOSCLEROSIS AND THROMBOEMBOLISM 
~ 
Li 
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From the autopsy protocols the following in- 
formation was obtained: age, sex, measured thick- 
ness (in millimeters) of the wall of the right 
ventricle, degree of emphysema, and gross ap- 
pearance of the lungs and pulmonary vessels. 
Pulmonary infarcts or clearly defined recent or 
organized thrombi (Fig. 4) in pulmoftary arteries 
or arterioles, observed grossly or microscopically, 
were accepted as manifestations of pulmonary 
thromboembolic phenomena. 

For comparison, a control group of 54 patients 
with neither significant cardiac nor chronic pul- 
monary disease was selected from recently per- 
formed autopsies. No attempt was made to select 
controls representatively in the entire 40 years of 
autopsies. But this control group was selected so 
that its age distribution would be the same as that 
of the emphysema group. Microsections from these 
cases were prepared and studied, and autopsy 
protocols abstracted exactly as for the emphysema 
cases. 

In all statistical analyses, P values were cal- 
culated, with use of the x*-technique. 


TaBLe 1.—Incidence of Right Ventricular 
Hypertrophy in Patvents with Chronic 
Pulmonary Emphysema and in Controls 


Thickness of Right Ventricle 


6mm. & Over 
(Hypertrophy) 


5mm. & Less 


Grow 
(Normal) 


Controls (54 patients) 
Patients with emphysema 
(125 patients) 


Patients from both the control group and from 
the group with moderate or advanced pulmonary 
emphysema were divided into two classes, depend- 
ing upon the thickness of their right ventricular 
myocardium. Measurements of 5 mm. or less were 
grouped together and were considered within nor- 
mal limits. Those cases in which the right ventricu- 
lar wall was greater than 5 mm. in thickness were 
also grouped together, and these were considered to 
represent cases of right ventricular hypertrophy. 


Results 

The right ventricles of 36% of patients 
with moderate or advanced chronic pulmo- 
nary emphysema were more than 5 mm. 
thick and hence were considered indicative 
of right ventricular hypertrophy (Table 1). 
Their thicknesses varied from 6 to 17 mm., 
with an average of 7.6 mm. None of the 
right ventricles in the control group meas- 
ured more than 5 mm. 
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TaBLeE 2.—Incidence of Thromboembolic 
Phenomena in Lungs in Patients with 
Chronic Pulmonary Emphysema 

in Controls 


Thromboembolism in Lungs 
Absent 


Groups Present 


Controls (54 patients) 
Patients with emphysema 
(125 patients) 


Gross or microscopic evidence of pulmo- 
nary thromboembolization was found in 
22% of patients with emphysema and in 
15% of the control group (Table 2). This 
difference is not statistically significant 
(P>0.2). 

Advanced pulmonary arteriosclerosis was 
present in 50% of patients with emphysema 
and in 33% of the patients in the control 
group (Table 3). This difference was not 
great enough to be of any genuine statistical 
significance (P>0.05). 

Patients with pulmonary emphysema were 
divided into two groups, depending upon 
whether their right ventricles were greater 
than 5 mm. thick or were 5 mm. or less in 
thickness. The incidence of slight, moderate, 
or advanced arteriosclerosis was calculated 
for each group (Table 4). Forty-nine per 
cent of the group with right ventricular 
hypertrophy (right ventricles more than 5 
mm. thick) had advanced pulmonary arterio- 
sclerosis; the corresponding figure for the 
group of emphysema patients without right 
ventricular hypertrophy is 50%. The differ- 
ence is obviously not significant. 

The incidence of pulmonary thromboem- 
boli was calculated in the two groups of 
patients with pulmonary emphysema (those 
with and without right ventricular hyper- 


TABLE 3.—Incidence of Arteriosclerosis in Small 
Muscular Pulmonary Arteries in Patients with 
Chronic Pulmonary Emphysema 
and in Controls 


Pulmonary Arteriosclerosis 
Slight 


Groups Moderate Advanced 


No. % No. 


Controls (54 patients) 
Patients with pulmonary 
emphysema (125 patients) 16 


43 34 62 
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x 
No. % No. % 
8 15 46 85 
28 2 97 78 
fe No. % No. % 
54 100 0 0 
80 64 45 36 
% 
50 
= 1958 


TABLE 4.—Correlation of Thickness of Right 
Ventricle with Arteriosclerosis in Small 
Muscular Pulmonary Arteries in 125 
Patients with Chronic Pulmonary 

Emphysema 


Pulmonary Arteriosclerosis 


Thickness of Right Slight Moderate Advanced 


Ventricle 
No. % No. % No %& 
6 mm. and over 6 13 17 3s 22 49 
(hypertrophy) 
5 mm. and less 14 18 26 32 40 50 
(normal) 


trophy; Table 5). Thromboemboli or in- 
farcts were found in 24% of emphysema 
patients with right ventricular hypertrophy 
and in 21% of those without right ventricu- 
lar hypertrophy. Again, this difference is 
not statistically significant. 

Advanced pulmonary arteriosclerosis was 
found in 78% of emphysema patients with 
thromboemboli or infarcts but only in 42% 
of similar patients without evidence of 
thromboemboli or infarcts (Table 6). 
This difference is significant statistically 
(P<0.01). 


TABLE 5.—Correlation of Thickness of Right 
Ventricle with Thromboembolic Phenomena 
in Lungs in 125 Patients with Chronic 
Pulmonary Emphysema 


Thromboembolism in Lungs 


Thickness of Right was Present Absent 
Ventricle 
No % No. % 
6 mm. and over i a4 34 76 
(hypertrophy) 
5 mm. and less (normal) 17 21 63 79 
Comment 


The high incidence of right ventricular 
hypertrophy in patients with chronic pulmo- 
nary emphysema has again been emphasized 
in the comparison of our control series and 
emphysema series (Table 1). These data 
correlate well with direct measurements of 
pulmonary arterial pressure in patients with 
chronic pulmonary emphysema.™!5 Cardiac 
catheterizations have revealed a high inci- 
dence of pulmonary hypertension in emphy- 
sema patients, especially in those with the 
complication of congestive heart failure. 

Many authors have emphasized the high 
incidence of pulmonary arteriosclerosis asso- 
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ciated with chronic pulmonary emphysema. 
They have invoked pulmonary hypertension 
as an important factor in the pathogenesis 
of the arteriosclerosis.“ Our data (Table 
3) indicate that arteriosclerosis of the small 
muscular pulmonary arteries is not signifi- 
cantly more frequent in patients with chronic 
pulmonary emphysema than in a control 
series of the same age distribution. It is 
reasonable to assume that in the control 
series, which included no cases of right ven- 
tricular hypertrophy, significant degrees of 
pulmonary hypertension had not been pres- 
ent. Pulmonary hypertension cannot be re- 
sponsible for pulmonary arteriosclerosis, 
because the incidence of the latter is approx- 
imately the same whether or not the pul- 
monary hypertension is present. This 
conclusion is further strengthened by the 
finding (Table 4) that, within the group 
of patients with chronic pulmonary emphy- 
sema, pulmonary arteriosclerosis is found 
with approximately the same frequency in 
cases with and without right ventricular 
hypertrophy (and, hence, presumably with 
and without pulmonary hypertension ). 

As demonstrated in Table 6, our studies 
do indicate that there is a significant corre- 
lation between advanced pulmonary arterio- 
sclerosis and the presence of pulmonary 
thromboemboli (78% of emphysema cases 
with pulmonary thromboembolization have 
advanced pulmonary arteriosclerosis, as com- 
pared with 42% of cases without pulmonary 
thromboembolization). If cases of both 
moderate and advanced pulmonary arterio- 
sclerosis are considered together, the corre- 
sponding figures do not differ significantly 
(89% of cases with pulmonary thromboem- 
bolization, as compared with 83% of those 

Taste 6—Correlation of Thromboembolic 

Phenomena in Lungs with Arteriosclerosis 

in Small Muscular Pulmonary Arteries 
in 125 Patients with Chronic 


Pulmonary Emphysema 


Pulmonary Arteriosclerosis 


Thromboemboli in Lungs Slight Moderate Advanced 
No % No. % No %&F 


Present 3 ll 3 2 
Absent 17 40 42 
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without). However, both in view of the 
small number of cases of slight and moderate 
(three each) pulmonary arteriosclerosis with 
pulmonary thromboembolization and emphy- 
sema and in view of the high incidence 
(39%) of moderate arteriosclerosis in the 
control group without emphysema, it seems 
both reasonable and imperative to consider 
only advanced pulmonary arteriosclerosis 
when seeking a correlation with pulmonary 
thromboembolization. 


These studies offer further support for 
the hypothesis that thromboembolic phenom- 
ena are an important factor in the patho- 
genesis of pulmonary arteriosclerosis. Other 
evidence, both morphologic and experimen- 
tal, has been offered to support this hypoth- 
esis. A high association (approximately 
70%) of pulmonary arterial thrombi and 
arteriosclerotic lesions is found in autopsied 
cases of congenital heart disease, regardless 
of the type of anomaly present; many lesions 
are found that suggest the stages in the 
transformation of a fresh thrombus into an 
arteriosclerotic Thomas et al.,® 
studying a series of 86 autopsied patients 
with mitral stenosis, found a highly signifi- 
cant correlation the presence of 
arteriosclerosis of the small pulmonary ar- 
teries and the presence of thromboembolic 
phenomena in the lungs. Several investiga- 


lesion.® 


between 


tors ** have produced arteriosclerotic lesions 
experimentally in small pulmonary arteries 
of rabbits by repeated intravenous injections 
of blood clots. These rabbits developed pul- 
monary hypertension and right ventricular 
hypertrophy. A marked degree of pulmo- 
nary vascular obstruction and right ven- 
tricular hypertrophy has been obtained 
experimentally in rabbits by repeated intra- 
venous injections of nonthrombotic obstruc- 
tive bodies (small spherical plastic beads), 
but pulmonary arteriosclerotic lesions were 
not produced,® indicating that thromboem- 
bolic induced pulmonary arteriosclerotic 
lesions probably result from direct organiza- 
tion of thrombi or emboli and are not just 
secondary to pulmonary hypertension. Du- 
guid ** has long applied to the systemic cir- 
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culation, also, the concept that arteriosclerotic 
plaques are produced by organization of 
thrombi. 

The exact etiology of pulmonary hyper- 
tension in pulmonary emphysema remains 
undetermined. Various suggested etiologic 
factors can be grouped into two main cate- 
gories: (1) organic structural relatively 
nonreversible changes which are morpho- 
logically demonstrable and (2) physiologic 
or functional relatively rapidly reversible 
factors. Among the former group are in- 
cluded anatomic reduction in the total cross- 
sectional area of the pulmonary capillary 
bed, secondary to changes in the alveolar 
septa, and increase in pulmonary vascular 
resistance caused by the narrowing of the 
pulmonary vascular tree by arteriosclerotic 
plaques and pulmonary thromboembolli. 

The findings in this study indicate that 
neither pulmonary arteriosclerosis (Table 4) 
nor pulmonary thromboembolization (Table 
5) can be an important factor in the patho- 
genesis of the pulmonary hypertension with 
chronic pulmonary emphysema, since the in- 
cidences of both arteriosclerosis and throm- 
boembolization are approximately the same 
in emphysema cases with and without right 
ventricular hypertrophy (and hence, pre- 
sumably, with and without pulmonary hyper- 
tension). This conclusion is further 
supported by the evidence that the incidence 
of pulmonary embolization (Table 2) and 
pulmonary arteriosclerosis (Table 3) is ap- 
proximately the same in the control group 
(with no cases of right ventricular hyper- 
trophy) and in the emphysema group. How- 
ever, other studies, unrelated to pulmonary 
emphysema, have shown that occasional cases 
of pulmonary hypertension and chronic cor 
pulmonale when studied pathologically show 
only the occurrence of widespread organized 
thromboemboli in the pulmonary vessels,*:' 
indicating that long-standing pulmonary hy- 
pertension may in some cases result from 
repeated pulmonary embolization, although 
this is uncommon. 

Several authors '*!® have emphasized 
the role of physiologic hemodynamic factors 
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in the pathogenesis of pulmonary hyperten- 
sion in patients with chronic pulmonary em- 
physema. Mounsey et al.’ the 
technique of cardiac catheterization to study 
24 patients with severe chronic pulmonary 
emphysema. In those without clinical evi- 
dence of congestive heart failure, the 
systolic pressure in the right ventricle was 
found to be normal or only moderately in- 
creased, whereas in those cases with conges- 
tive heart failure, it was markedly increased 
in every case. As these patients recovered 
with therapy from the congestive failure, 
the right ventricular pressures returned to 
normal. Since the pulmonary hypertension 
in emphysema was reversible, they felt it 
could not be due solely to fixed anatomical 
changes in the vascular bed of the lungs. 
This agrees completely with the results of 
our study. 

Anoxia has been suggested as an impor- 
tant factor in the pathogenesis of pulmo- 
nary hypertension in chronic pulmonary 
emphysema,'*:!* and Motley demonstrated 
by cardiac catheterization the rapid develop- 
ment of pulmonary hypertension in normal 
persons breathing low oxygen (10%) mix- 
tures for short periods of time. Rodbard *! 
feels that bronchomotor hypertonus may be 
the primary factor in the pathogenesis of 
chronic pulmonary emphysema and_ the 
accompanying pulmonary hypertension. Fi- 
nally, Liebow **** has demonstrated by in- 
jection studies, in many chronic pulmonary 
diseases, the presence of precapillary anas- 
tomoses between the pulmonary and bron- 
chial arterial circulations. In emphysema, he 
especially emphasizes the bronchopulmonary 
venous collateral circulation. The  pul- 
monary arterial hypertension in chronic 
pulmonary emphysema may result, in part 
at least, from the shunting of arterial blood 
at systemic pressure from the bronchial ar- 
terial circulation into the pulmonary arterial 
circulation. 


Summary 


This study is an analysis of the mutual 
interrelations of right ventricular hyper- 
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trophy, arteriosclerosis of small muscular 
pulmonary arteries, and pulmonary throm- 
boembolization in 125 cases of moderate or 
advanced chronic pulmonary emphysema. 
Right ventricular hypertrophy was consid- 
ered to be presumptive evidence that pulmo- 
nary hypertension had been present. The 
controls were the lungs of 54 patients with- 
out significant chronic pulmonary or cardiac 
disease; these were selected in the same age 
distribution as the emphysema cases. 

Approximately 36% of the emphysema 
patients had right ventricular hypertrophy, 
while this was found in none of the control 
group. The incidences of pulmonary throm- 
boembolism and pulmonary arteriosclerosis 
did not differ significantly between the con- 
trol group and the emphysema group. 

In the emphysema group, there was no 
significant correlation either between pul- 
monary arteriosclerosis and right ventricular 
hypertrophy or between pulmonary throm- 
boembolization and right ventricular hyper- 
trophy. These findings suggest that 
pulmonary hypertension is not an important 
factor in the etiology of arteriosclerosis of 
small muscular pulmonary arteries in pa- 
tients with chronic pulmonary emphysema. 
They also suggest that in pulmonary 
emphysema the hypertension is caused 
neither by the arteriosclerosis nor by the 
thromboemboli. Other possible causes of the 
hypertension are reviewed briefly. 

There was significant correlation between 
the presence of advanced arteriosclerosis of 
the small muscular pulmonary arteries 
and the presence of thromboembolic phe- 
nomena. The results support the concept 
that thromboembolization is an important 
factor in the pathogenesis of pulmonary 
arteriosclerosis. 

Advice and encouragement were given by Drs. 
Wilbur Thomas, Edward B. Smith, and W. Stanley 
Hartroft. Microsections were prepared by Mrs. 


Pearl Driver and Mrs. Yvonne Higgins. Photo- 
micrographs were taken by Mr. Paris Johnson. 

Department of Pathology, 1100 W. Michigan, 
Indianapolis (7). 
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Vitro 


M. BERENBOM, Ph.D., Kansas City, Kan. 


Many aspects of the processes of growth 
and death of cells remain unknown despite 
their vital importance and the substantial 
amount of study devoted to these subjects. 
Since the work of Corper,! in 1912, the 
chemical changes associated with death and 
necrosis of tissues have received relatively 
little attention. Although there have been 
some observations of changes of a few 
components during the process of tissue 
death,?"!* no comprehensive chemical studies 
with modern techniques and few histochem- 
ical observations have been made. A series 
of studies on necrosis in liver and other 
tissues has therefore been undertaken in this 
laboratory. 

Liver was selected as the initial tissue for 
this work because of the substantial amount 
of information available in this '*** and 
other laboratories ** on its behavior under 
different conditions of growth. In general, 
the liver is considered to consist predomi- 
nantly of hepatic parenchymal cells and 
therefore to be suitable for chemical studies. 
However, observations have shown that 35% 
or more of the cells of normal mouse and 
rat liver ** are of other types. In abnormal 
livers the percentage of other cell types is 
much higher. 

Most of the studies of necrosis of liver 
produced by carbon tetrachloride or by diet 
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reveal a variable, diverse response of the 
tissue, comprising a mixture of dead, dying, 
regenerating, and otherwise metabolically 
altered cells, which renders precise interpre- 
tation of the results difficult. In this initial 
study, therefore, a simple procedure was 
followed which would produce relatively uni- 
form death of all cells uncomplicated by 
regeneration or other processes. Observa- 
tions on the chemical changes in mouse liver 
during necrosis or autolysis in vitro have 
been reported.**** In this paper the histo- 
logical and histochemical findings on the 
same tissues will be presented. 


Materials and Methods 


Strain A male mice 10 to 14 weeks of age were 
used in this experiment. In order to maintain a 
more stable metabolic state of the liver, all mice 
were deprived of food, but not water, for 18 hours 
prior to killing by decapitation. After drainage 
of the blood and removal of the gallbladder, the 
livers were used for the chemical and histochemical 
studies. A sterile technique was employed in order 
to eliminate bacterial growth in the experimental 
tissues. In each experiment, pieces of liver 3 to 5 
mm. in diameter from each of 12 animals were 
placed in two separate groups in the same sealed 
weighing bottle for chemical and histochemical 
studies. Several layers of filter paper, saturated 
with sterile saline to prevent desiccation of the 
tissue, were placed on the bottom of the weighing 
bottle. The pieces of liver were placed on a layer 
of glass rods above the filter paper; thus the tissue 
did not come in contact with the paper or any fluid 
which oozed from the tissues. After 1, 6, 24, 30, 
48, and 72 hours of incubation at 37 C the tissues 
were removed for immediate chemical analysis and 
fixation. Liver tissues for control observations were 
also taken from each animal at the beginning of 
each experiment. Both the experimental and the 
control tissues were fixed in chilled acetone, 10% 
formalin, and Stieve fluid™ and frozen-dried.* 
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For acetone fixation, pieces of tissue 1 mm. thick 
were placed in small bottles of chilled absolute 
acetone and agitated gently with glass beads on a 
variable speed shaker for a period of 24 hours at 
6 C. The cold acetone was changed twice in the 
initial 4 hours and again twice during the next 20 
hours. The tissues were then brought to room 
temperature for one-half hour and were given two 
changes of chloroform for one hour and finally 
infiltrated with paraffin at 56 C for one hour. The 
tissue blocks and sections were stored at 6 C until 
needed. 

For the demonstration of enzymes, the frozen- 
dried and acetone-fixed liver was sectioned at 
4u, deparaffinized through two changes of xylene, 
and hydrated through a graded series of acetone 
solutions. For staining of alkaline phosphatase and 
esterase, after a second change of anhydrous ace- 
tone, the slides were coated with 1% 
then transferred directly to water. 


celloidin, 
After being 
washed briefly in distilled water, the slides were 
immersed in the incubating media at 37 C for a 
predetermined optimum time, which was kept con- 
stant for each enzyme throughout the entire experi- 
ment. For demonstration of esterase ™ in sorbitan 
monostearate (Tween 60) medium at pH 7.2, 
frozen-dried tissues were incubated for 18 hours 
and acetone-fixed tissues, for 21 hours. For demon- 
stration of alkaline phosphatase” in glycerophos- 
phate medium at pH 9.4, frozen-dried tissues were 
incubated two and one-half hours and acetone-fixed 
tissues for five and one-half hours. For demon- 
stration of acid phosphatases," nondeparaffinized 
slides *™ were placed directly into Gomori’s sub- 
strate for one and one-fourth hours, while frozen- 
dried tissues and acetone-fixed tissues were 
immersed for four and five hours, respectively. The 
control slides for these techniques were treated in 
the same manner, although the substrate 
omitted from the incubating mixture. 


was 
For com- 
parison with the sorbitan monostearate technique 
the azo dye technique,“™ wherein a-naphthyl ace- 
tate and diazo red RC were used in the medium, 
was also employed for demonstration of esterases. 

Frozen-dried sections were deparaffinized in two 
changes of xylene, air-dried, and stained with 
pyronin Y and methyl green®™ for demonstration 
of nucleic acids. To remove ribonucleic acid, the 
control slides” were immersed in crystalline ribo- 
nuclease at a concentration of 6.1 mg. per milliliter 
of Mcllvaine’s buffer at room temperature for 30 
minutes. Tissues fixed in Stieve fluid were stained 
with the Feulgen reaction and counterstained with 
fast green for demonstration of deoxypentose nu- 
cleic acid. 

For general histological examination, both fro- 
zen-dried and tissues fixed in Stieve fluid were 
stained with hematoxylin and eosin. Control tissues 
were observed in each series of experiments. 
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Observations 


General Histological Changes.—After one 
hour of incubation at 37 C in vitro, the liver 
cells showed little morphological changes in 
frozen-dried tissues stained with hematox- 
ylin and eosin, aside from a slight hyper- 
chromatism of the nuclei, especially of the 
Kupffer cells and endothelial cells. In tis- 
sues fixed in Stieve fluid and stained with 
hematoxylin and eosin, a dilation of the 
sinusoids throughout the tissue and some 
Disse spaces between the sinusoidal lining 
and parenchymal cells were noted. This 
difference in sinusoidal spaces in tissue fixed 
in Stieve fluid and by freeze-drying was 
interpreted as being related to the nature 
of the two fixation processes. Freeze-drying 
preserves more of the materials in and about 
the sinusoids, causing the latter to be less 
evident, whereas more differential shrinkage 
of tissue constituents and dissolution of ma- 
terials makes more prominent sinusoidal and 
Disse spaces in tissue fixed in Stieve fluid 
and subsequently dehydrated. 

Early pyknotic changes of the hepatic 
parenchymal cells began to show after six 
hours of incubation. The nuclei of endothe- 
lial cells and most of the Kupffer cells were 
distinctly hyperchromatic. The cytoplasm of 
hepatic parenchyma was still homogenous 
and stained paler than the control tissue. 
The granular material in the cytoplasm was 
somewhat finer than that of the control 
tissue. 

Marked changes occurred after 24 hours 
of incubation. In frozen-dried tissue, the 
necrosis of the hepatic cells was sometimes 
more advanced in the center of the block, 
where karyolysis and karyorrhexis were 
prominent. Many nuclei of endothelial cells 
were hyperchromatic throughout the pieces 
of tissue. Most of the nuclei of the hepatic 
parenchymal cells had lost much of their 
chromatin; usually, however, a few pyknotic 
nuclei were found along the outer margin 
of the piece. Fragmented nuclear material 

was scattered in the sinusoids. In many 
areas the sinusoids appeared dilated. Some 
of the cells in the periphery of the tissue 
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became swollen with foamy less basophilic 
cytoplasm. Generally, most of these cells 
still stained, although in some pieces they 
stained faintly. These microscopic findings 
varied slightly from one experiment to an- 
other and from one piece of tissue to another 
within the same experiment. On the whole, 
the appearance of the tissue fixed in Stieve 
fluid was similar to that which was frozen- 
dried. After 30 hours of incubation, tissues 
showed decreased ability to stain with hema- 
toxylin and eosin and some areas became 
completely necrotic. 

The liver was completely necrotic after 
48 to 72 hours of incubation. In some areas 
only traces of nuclear material staining were 
apparent in the cells; otherwise, the nuclei 
appeared lysed. The hepatic cells were par- 
tially separated or isolated from each other. 

Alkaline Phosphatase—In normal livers 
(Fig. 1), this enzyme was localized chiefly 
at the periphery of bile canaliculi in Kupffer 
and endothelial cells and within the sinusoids. 
A strong reaction was usually found in the 
portal area, particularly in the bile ducts, in 
venous and arterial endothelium, and in con- 
nective tissue surrounding the bile duct. 
The frozen-dried tissues usually exhibited 
a darker and more precisely defined localiza- 
tion and less nuclear reaction than the 
acetone-fixed tissues. After one hour of 
incubation, the tissue began to show a change 
of pattern of enzyme activity (Fig. 2). Al- 
most invariably, dark course granules ad- 
hered to the bile canaliculi, presenting a 
rough appearance. In contrast, in normal 
tissues the canaliculi were always stained 
intensely and were uniform in contour. In 
general, after one hour of incubation, about 
the same amount of enzymatic reaction was 
observed in the experimental tissues as in 
the control tissue, although the nuclei and 


Plate I 


Alkaline phosphatase metal precipitate reac- 
tion in mouse liver prepared by freeze-drying. 
Normal liver in Figure 1 shows strong reaction 
in bile canaliculi and sinusoids and slight nuclear 
reaction. After one hour of incubation, granules 
are noted along the bile capillaries (Fig. 2), 
whereas by six hours there is a general loss of 
enzyme and granular deposits on bile canaliculi 
with increased nuclear staining (Fig. 3); & 520. 
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nucleoli had slightly more in the former. 
After six hours of incubation, however, the 
tissues began to show an over-all loss of 
activity (Fig. 3). The bile canaliculi, 
Kupffer cells, and sinusoids were stained 
faintly, but the nuclei and nucleoli of the 
parenchymal cells showed a marked increase 
of activity. There was usually a strong re- 
action in vascular endothelium. A few of 
the tissues showed a diffuse reaction, a 
homogeneous gray opaque appearance. After 
24 to 30 hours of incubation, a slight ac- 
tivity could be inconsistently demonstrated 
in nuclei, in a few bile canaliculi, and in 
sinusoids; otherwise, there was only a weak 
diffuse activity. The completely necrotic 
tissues, after 48 to 72 hours of incubation, 
showed negligible or slight diffuse enzymatic 
activity with only occasional weak reaction 
in nuclei and sinusoids. 

Acid Phosphatase—Tissues prepared by 
freeze-drying and acetone fixation did not 
react for acid phosphatase in the same man- 
ner in these experiments. Normal acid phos- 


Plate II 


phatase activity was localized in the lumina 
and walls of sinusoids, in the cytoplasm of 
leukocytes, in Kupffer cells, in hepatic par- 
enchymal cells, in bile duct epithelium, and 
in endothelium. In_ frozen-dried tissues, 
there was no marked decrease during the 
first six hours of incubation. After 24 to 
30 hours, the cytoplasm of hepatic paren- 
chymal cells lost some of the enzymatic 
activity, though the sinusoidal contents and 
Kupffer and endothelial cells still retained 
considerable activity. The enzyme was fur- 
ther decreased as the necrosis progressed; 
however, even after 72 hours of incubation, 
an appreciable enzymatic activity persisted 
in endothelium. 

In acetone-fixed tissue, in all series of 
experiments, enzymatic activity in the nuclei 
and cytoplasm of hepatic parenchymal cells 
seemed to increase slightly after the tissue 
had been incubated for one to six hours. The 
intensity of the reaction increased markedly 
after 24 hours of incubation (Figs. 4 and 5), 
then decreased gradually at 48 and 72 hours. 
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Acid phosphatase metal precipitate reaction in mouse liver fixed in acetone. Tissue 
left in the incubator 24 hours shows much more reaction (Fig. 5) than normal liver 


(Fig. 4); > 280. 
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Even in 72-hour tissue the reaction was 
stronger than in the control tissues. 
Esterases—FYollowing both the freeze- 
drying and the acetone fixation of the tis- 
sues, the nonspecific esterase enzymes were 
found localized in the cytoplasm of the 
hepatic cells and bile duct epithelial cells by 
the sorbitan monostearate ** and azo dye **:4# 
techniques. In the control tissue, usually the 
reaction was slightly stronger in the central 
areas of the lobules than in the periportal 
zone. Some variations were observed, how- 
ever, in tissues of different experiments. 
No conspicuous change in the intensity of 
enzyme activity was noticed in tissues after 
one or six hours of incubation. After 24 
to 30 hours, the peripheral and, at times, the 
central area of the tissue began to lose some 
activity. Further, some of the enzymes 
tended to diffuse from the cell cytoplasm into 
the sinusoidal spaces. An increasing diffuse 
reaction and a diminution of the focal en- 
zyme activity appeared in the tissues in later 
stages of necrosis. Large lumps of metal 
precipitate usually were scattered in the 


tissue after 48 hours in the incubator; this 
precipitate did not appear in slides treated 
with azo dye technique. Considerable ac- 
tivity remained in the 72-hour necrotic tis- 
sues, 

Nucleic Acids.—At one hour the slides of 
tissue fixed in Stieve fluid, stained by the 
Feulgen reaction, and counterstained with 
fast green confirmed the previously described 
swelling of sinusoidal spaces with shrinkage 
of sinusoidal lining and evident space of 
Disse, as well as slight pyknosis of some of 
the nuclei of Kupffer cells. At 24 and 30 
hours of incubation, some areas of the liver 
showed no staining for deoxypentose nucleic 
acid; in other areas the hepatic parenchymal 
cells showed an increased tendency to stain 
with fast green and Feulgen-positive mate- 
rial was relatively absent at the nuclear 
membrane but persisted in the chromatin 
masses within the nucleus. There was some 
Feulgen staining of nuclear debris within 


the sinusoidal spaces. By 48 hours the 


Feulgen reaction was negative and only an 


Plate III 


Pyronin and methyl green stain on mouse liver prepared by freeze-drying. The pentose 
nucleic acid in the cytoplasm is markedly decreased after 24 hours of incubation (Fig. 7), 


as compared with normal liver (Fig. 6); 850. 


Chang et al. 
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occasional nucleus remained 
fast green. 

There was no noticeable difference of 
nuclear staining with methyl green between 
the control tissues and the tissues incubated 
for one or six hours. Only a slight decrease 
of pyronin, and presumably pentose nucleic 
acid, in cytoplasm and nucleoli was found 
after six hours of incubation. Pentose nu- 
cleic acid was sharply decreased after 24 
hours of incubation (Figs. 6 and 7), but 
methyl green stain remained intense in some 
of the nuclei. After 30 hours little pentose 
nucleic acid was observed in necrotic tissue, 


stained with 


while nuclear reaction with methyl green 
persisted. At 48 hours of incubation, pyro- 
nin stain had disappeared almost entirely, 
and only traces of methyl green were found 
in some nuclei. Staining for both types of 
nucleic acid usually vanished completely in 
tissue undergoing necrosis for 72 hours. 


Comment 


Frozen-dried tissues, which are superior 
in many respects to tissues fixed by protein 
denaturation with chemical agents,** were 
used extensively for histological and histo- 
chemical observations in this investigation. 
Generally, the tissues stained with hema- 
toxylin and eosin were only slightly altered 
morphologically after one or six hours of 
incubation. Necrosis of the central part of 
the tissue took place within 24 hours. Usu- 
ally necrosis was essentially complete within 
48 hours. 

Since both histochemical staining and ana- 
lytical biochemical methods have their limi- 
tations,*® more accurate observations on the 
localization and quantization of chemical 
constituents of tissues can usually be ob- 
tained by a judicious combination of both 
methods. The potential loss of lyoenzymes 
as contrasted to desmoenzymes ** in these 
experiments is unknown. 

Chemical data on these same tissues *® at 
6, 24, 48, and 72 hours showed a steady 
decline of percentage activity figures as com- 
pared with controls of 98%, 66%, 32%, and 
20% for alkaline phosphatase; of 75%, 
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37%, 17%, and 14% for acid phosphatase, 
and of 94%, 54%, 22%, and 12% for ester- 
ase. The histochemical findings, while show- 
ing some changes in different sites, generally 
agreed with the chemical data; some points, 
however, are of special interest. 

The histochemical preparations suggest 
that some of the 32% and 20% of alkaline 
phosphatase activity remaining at 48 and 
72 hours, respectively, as shown by chemical 
studies, may be attributed to the diffuse 
reaction. At this time the activity was no 
longer confined to the normal sites. The 
histochemical slides showed a definite in- 
crease of granular deposits along the bile 
canaliculi after one hour of incubation. 
These deposits might be related to a slightly 
increased activity of alkaline phosphatase 
of questionable significance as determined 
chemically.?® 

The specificity of Gomori’s acid phos- 
phatase technique has been questioned.*!* 
By using frozen-dried tissue and non- 
deparaffinized slides and by taking all the 
necessary precautions recommended by 
Gomori,**** one can often obtain a good 
picture of the enzyme localization in the 
normal tissues. In necrotic liver, however, 
the section of frozen-dried tissues did not 
always show a corresponding reduction of 
enzyme activity, as indicated by the chemical 
data. Further, the intensity of reaction in 
necrotic tissue fixed in acetone was definitely 
increased. This is contradictory to the chem- 
ical findings and to theoretical principles. 
Since one would not expect synthesis of 
an enzyme in dying tissue, increased enzyme 
activity is not anticipated. On the other 
hand, when slides were incubated in a me- 
dium without substrate, there was no re- 
action on the slides. Also, the location and 
appearance of the deposits suggests that 
the enzymatic reaction is a true positive 
reaction. This apparent increase in acid 
phosphatase may be related to the process 
of fixation of these necrotic tissues with 

acetone by mechanisms unknown to us. 
Obviously, the reason for this discrepancy 
in results needs further study. 
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The changes in nucleic acid content ap- 
peared to be similar in the chemical and 
histochemical observations, especially the 
sharp drop of pentose nucleic acid after 24 
hours. The chemical data on these tissues 
at 6, 24, 30, and 48 hours showed remaining 
percentages of pentose and deoxypentose 
nucleic acid, respectively, of 76%, 32%, 
11%, and 7%, and 94%, 50%, 29%, and 
12%. The fact that a more complete loss 
of nucleic acids was observed histochemi- 
cally than chemically in the 48- and 72-hour 
tissues is explained by the probable lack of 
absolute specificity and quantitative accuracy 
of such histochemical staining methods and 
loss of substances during fixation, paraffin 
embedding, paraffin removal, and hydra- 
Other instances of incomplete 
agreement of results of histochemical and 
chemical determinations on pentose nucleic 
acids have been reported.'*:**#-4° 

The fact that chemical and histochemical 
techniques for deoxypentose nucleic acid 
have in part different bases for their reaction 
could explain some of the variations in 
results if different parts of the nucleic acid 
molecules were affected during various states 
of the process of necrosis. Chemical meas- 
urements were made by analyses for ribo- 
nucleic acid and deoxyribonucleic acid on 
the nucleic acid fractions obtained by the 
method of Schneider.*® The orcinal reac- 
tion ** determines the pentose associated 
with ribonucleic acid purines only. The 
diphenylamine reaction of Dische ** and the 
Feulgen technique **°° determine the alde- 
hyde groups of deoxypentose associated with 
the purines of deoxypentose nucleic acid. 
The sum of these chemical reactions for 
deoxypentose and ribonucleic acids was 
checked against the total nucleic acid as 
determined by ultraviolet absorption analy- 
sis; this latter depends upon the absorption 
of the alternating and resonating double- 
bond structures of the purines and pyrimi- 
dines in both types of nucleic acid molecules. 
The methyl green reaction may be related 
to the presence of phosphate radical in 


polymerized deoxyribonucleic acid.™ 
Chang et al. 


Summary 
and _ histochemical 
were studied in pieces of mouse liver incu- 
bated at 37 C under sterile conditions at 
intervals as long as 72 hours. As visualized 
with hematoxylin and eosin staining, necro- 
sis often began in the central part of the 
tissue at 6 to 24 hours and was essentially 
complete within 48 hours. In the tissue 
fixed in Stieve fluid, among the earliest 
changes were pyknosis of Kupffer and sinu- 
soidal lining cells, dilation of sinusoidal 


changes 


Histological 


spaces, and appearance of Disse’s spaces; 
these changes began at one hour. 

The general reduction of alkaline phos- 
phatase and esterase corresponded to the 
decreases noted in chemical studies on these 
same tissues; alkaline phosphatase, however, 
showed an alteration in distribution after 1 
hour of incubation and a weak and diffuse 
reaction after 30 hours. At that time a 
third of the enzyme was still present, as 
determined chemically. The techniques for 
esterase employing both azo dye and sorbitan 
monostearate (Tween 60) substrate gave re- 
sults which were generally similar. A sub- 
stantial decrease of esterase activity with 
diffusion of the enzyme was noted after 24 
to 30 hours, but appreciable activity re- 
mained at 72 hours; only 12% of the 
esterase was then detected chemically. 

The loss of acid phosphatase activity in 
necrotic liver which had been frozen-dried 
was not evident by six hours, though 25% 
loss was observed by chemical determina- 
tions. A decrease was observed histochem- 
ically, beginning at 24 to 30 hours. In 
acetone-fixed necrotic tissue, acid phospha- 
tase activity increased, reaching a peak in 
24 to 30 hours; even in 72-hour tissue, the 
reaction was stronger than in the control 
tissue. This discrepancy between the two 
types of histochemical studies was not under- 
stood by us. 

Beginning after six hours of incubation, 
pentose nucleic acid decreased histochemi- 
cally in cytoplasm and nucleoli, and the de- 
crease was pronounced at 24 hours; at these 
times chemical decreases of 24% to 68% 
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were observed. 


The histochemical observa- 
tions on deoxypentose nucleic acid, by use 
of the Feulgen reaction and methyl green, 
suggested a more rapid loss in the Feulgen- 


stained slides. With methyl green a 
detectable histochemical decrease in the 
deoxypentose nucleic acid in the nuclei was 


noted at 24 hours and only slight staining 
remained at 48 hours; at these times 50% 
and 12% of the deoxypentose nucleic acid 
remained as found by chemical measure- 
ments. By 24 hours of incubation the 
Feulgen reaction suggested a complete loss 
in deoxypentose nucleic acid in some areas 
of the tissue and a loss of nucleic acid from 
the nuclear membrane in other areas. The 
Feulgen reaction was completely negative by 
48 hours. 

The incubation of liver tissue in vitro is 
a useful means of studying the chemical 
changes associated with cell death and ne- 
crosis. The histochemical techniques, while 
less quantitative than chemical methods, pro- 
vide useful observations on distribution and 
are helpful when used in conjunction with 
chemical studies. In addition to early 
changes in the oxidative enzymes, which 
started at one hour in the chemical studies, 
striking early changes were observed histo- 
chemically, i. e., the shifting of location of 
alkaline phosphatase at one hour and the 
sharp decrease in staining of pentose nucleic 
acid at six hours. 


Department of Pathology and Oncology, Uni- 
versity of Kansas Medical Center (12) (Dr. Sto- 
well). 
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Anomalous Band of the Left Atrium 


ALBERT JACKSON, M.D., and PAULINE E. GARBER, M.D., Wadsworth, Kan. 


Anomalous bands inside the left auricle 
are exceedingly rare. The purpose of this 
paper is to report briefly such a case. 


Report of a Case 


A 62-year-old white man had numerous hospital 
admissions since 1955, when he was hospitalized 
because of shortness of breath on exertion and 
because of a cough, which had started approxi- 
mately one year previously. Since 1955 the pa- 
tient had been taking digitalis, and he had also 
received aminophylline, penicillin, and potassium 
iodide. He had had several phlebotomies. He had 
established diagnoses of chronic _ bronchitis, 
bronchial asthma, pulmonary emphysema, and 
chronic cor pulmonale. His final admission was 
on Sept. 1, 1957. 

Physical examination revealed an extremely 
cyanotic white man complaining of severe dyspnea 
and cough. His face showed a rubor cyanosis. The 
chest showed an increase of the anteroposterior 
diameter. There were numerous coarse rhonchi 
and wheezes present throughout both lung fields. 
The heart size was within normal limits. The rate 
was rapid but regular. No murmurs were heard. 
The pulmonic second sound was accentuated. The 
blood pressure was 120/70. X-ray of the chest 
showed pulmonary emphysema and a normal heart 
shadow. ECG showed tall, peaked P waves and 
was compatible with cor pulmonale. The tempera- 
ture was 103.6 F. The hematocrit was 50% on one 
occasion and 51% on another. 

Postmortem Examination—The lungs were 
typical of pulmonary emphysema and will not be 
discussed here. The kidneys were normal. The 
description is limited to the heart. 

The heart weighed 440 gm. The valves were 
intact and of normal size. The left ventricle was 
17 mm. in thickness, and the right ventricle, 8 mm. 
in its thickest part. The myocardium was firm in 
consistency. Mural thrombi were not found in the 
auricular appendages. The atria were of normal 


size. The coronary arteries showed moderate 
atheromatous changes. The foramen ovale was 
closed. 


Submitted for publication Oct. 28, 1957. 
From the Medical and Pathology Services of 
the Veterans’ Administration Center. 
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Anomalous band of the left atrium. 


Located in the left atrium and extending from 
the anterior to the posterior wall there was a 
pale gray band of tissue, measuring 3.8 cm. in 
length and 1.5 mm. in diameter. The surface of 
this band was smooth and was covered by 
endocardium. The band was attached to the atrium 
just distal to the openings of the right pulmonary 
veins at one end and just distal to the openings of 
the left pulmonary veins at the opposite end. Both 
attachments were flat and somewhat fan-shaped 
and measured 8 mm. across. Centrally, this band 
became thin and rounded, cord-like, measuring 1.5 
mm. in diameter at its narrowest point. 


Comment 


Anomalous bands of the right atrium oc- 
cur not infrequently. According to Helwig, 
the incidence is about 1.5% of all necrop- 
sies 1; the incidence is 2%-3% of all cases 
of congenital heart disease, according to 
Friedberg.2 The bands are remnants of the 
valvula of the sinus venosus and extend 
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from the Thebesian to the Eustachian valve, 
the so-called Chiari’s network.” 

However, anomalous bands in the left 
atrium are rare. Helwig, in 1932, in review- 
ing anomalous bands, cords, strands, or 
reticula of the left atrium, found in the 
world literature 17 instances of cords and 
15 cases of septums and diaphragms and 
added 1 own, was a 
fenestrated hammock-like structure in the 
left atrium. In 1954 Pedersen and Therkel- 
sen® reviewed the literature and reported 


case of his which 


that 23 cases of abnormal cords, bands, or 
reticula of the left atrium had been found. 
Of these reported cases, one attachment of 
the cord was always in the neighborhood of 
the fossa ovalis, with the other end inserted 
into the atrium or at the mitral valve. Kjell- 
berg et al, state that “in rare cases strands 
may also be found in the left atrium; they 
generally originate from the foramen ovale 
region and represent rudimentary equiva- 
lents of the septum formations which con- 
tribute to division of the atrium,” and their 
illustrations show a band of the left atrium 
running from the foramen ovale to the mitral 
valve. We have found only one case, re- 
ported by McNamara et al. in 1947, of an 
anomalous band in the left atrium similiar 
to that of our case.° Their case also had 
concomitant polycystic kidney disease, which 
Was not present in our case. 

those 
cords and bands is explained in two ways: 
Either they represent remnants of the sep- 
tum primum or those anomalous bands are 
considered to be a developmental anomaly 


Embryologically the presence of 


of the embryonal common pulmonary vein. 


possibly an arrested development during its 
stage of absorption into the walls of the 
auricle.** Probably those cases in which the 
strand arises in the region of the foramen 
ovale and inserts into the mitral valve be- 
long to the first category. In our case the 
foramen ovale was intact, and the band was 
inserted above the foramen ovale; it did not 
fuse with the mitral valve but was inserted 
into the free wall of the left atrium. We 
think that it can be explained as a remnant 


Jackson—Garber 


of an abnormal development of the common 
pulmonary vein. 

Whether this band could have interfered 
with a normal functioning of the left auricle 
is questionable. This patient did not have 
auricular fibrillation or any other arrhythmia. 
He had been fluoroscoped frequently, and no 
abnormalities in the expansion of the left 
noted. Neither were 
thrombi found in the left auricle or left 
auricular appendage. This band did 
produce any murmur. 


auricle were there 


not 


Summary 


A case of an anomalous band of the left 
atrium is reported. No other abnormalities 
were present. It was an incidental finding 
and was asymptomatic. The rarity of 
anomalous bands is stressed. 


P. O. Box 622. 
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Complete absence of the transverse aortic 
arch is said to be a rare congenital defect, 
since only 21 cases have been reported. 
However, during the past 10 years, six cases 
of this anomaly have been seen in the pathol- 
ogy department of Cleveland City Hospital. 
This suggests that the occurrence of absent 
transverse aortic arch may be more fre- 
quent than previously suspected. This paper 
describes these six cases, reviews the litera- 
ture to the present time, and analyzes the 
associated cardiovascular defects and the 
embryologic factors responsible for this 
lesion. 


Report of Cases 


Case 1.—A full-term boy weighed 7 Ib. 1 oz. 
at birth. At the age of 6 days it was noted that 
he was breathing rapidly, He was fretful and slept 
poorly. The following day the child was feverish, 
and clonic movements of the right arm and leg 
were observed. 

Physical Examination —The infant was stupor- 
ous and did not respond to noxious stimuli. No 
cyanosis was noted. There was a cleft in the 
soft palate. Tissue turgor was poor, and the an- 
terior fontanelle was firm but not bulging. There 
was slightly decreased resonance on percussion 
over the posterior lateral lung fields. Breath 
sounds were depressed over both bases. No rales 
were heard. The heart did not appear enlarged, 
and no murmurs were heard. The heart rate was 
rapid but regular. A mass which moved with respir- 
ation was noted 2 cm. below the right costal margin 
and in the epigastric region. Chvostek’s sign was 
present bilaterally. Tendon reflexes were hypo- 
active throughout. 

Laboraiery Data—The red blood cell count 
was 4,500 000, and whiie blood cell count, 16,400. 
The blood calcium and phosphorus were 7.4 mg. 
and 13.6 mg. per 100 cc., respectively. 

Hospital Couwrse—The infant died 1314 hours 
after admission. A postmortem lumbar puncture 
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showed xanthochromic fluid, a 4+ Pandy reaction, 
and 6 white cells. 

Postmortem Findings—The heart was enlarged 
and weighed 32 gm. (normal weight, 18 gm.). 
It was of the usual shape and in the normal 
position. The wall of the right atrium was slightly 
increased in thickness, and that of the right ven- 
tricle measured 3 mm., the same as the left ven- 
tricle. The columnae carneae were rounded, and the 
pectinate and papillary muscles were not remark- 
able. The foramen ovale was patent and measured 
0.6 cm. in diameter. There was an oblong open- 
ing in the semebranous portion of the inter- 
ventricular septum, measuring 8X3 mm. The 
tricuspid valve was not remarkable. The pulmonic 
valve was composed of the usual three cusps, and 
the pulmonary conus immediately above it was 
enlarged and measured 3 cm. in circumference. The 
aortic ring measured 1.2 cm. in circumference, and 
The 
The coronary arteries arose just above 


the valve was_ bicuspid. mitral valve was 


normal. 


Fig. 1. (Case 1).—A, hypoplastic aorta. B, 
pulmonary artery. Note wrinkled portion, repre- 
senting the persistent ductus arteriosus, distal to 
branches of pulmonary artery. C, descending aorta 
arising from ductus arteriosus. D, right ventricle. 
E, lett subclavian artery arising distal to ductus. 
F, right innominate and left common carotid ar- 
teries arising from ascending aorta. 
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Physical Examination—The color of the skin 
and mucous membranes was good, except for the 
legs, which were cold and blue. The lungs were 
clear to auscultation and percussion, but respira- 
tions were shallow. A faint systolic murmur was 
heard at the base. He died 51 hours after birth 
in spite of supportive therapy. 

Postmortem Findings—The heart was of the 
usual size. The superior and inferior vena cavae 
entered the right atrium in the usual manner, and 
the foramen ovale was patent. The tricuspid valve 
was not remarkable. There was a 0.6 cm. defect 
in the membranous portion of the interventricular 
septum. The caliber of the pulmonary artery was 
larger than that of the aorta, and it arose from the 
right ventricle. This vessel gave origin to both 
pulmonary arteries and to the left subclavian artery 
and continued as the thoracic and abdominal aorta. 
The pulmonary artery was 2 cm. in circumference 

Fig. 2 (Case 1).—A, descending aorta. B, atretic and had three normal valve cusps. There was, 
mitral orifice. C, left pulmonary veins. D, defective however, a moderate narrowing and slight intimal 
interventricular septum. £, site of left ventricle. irregularity of the pulmonary trunk at the usual 

site for the ductus arteriosus. The pulmonary veins 
the anterior cusp of the aortic valve and were not emptied into the left atrium. The mitral valve was 
remarkable. not remarkable. The left and right ventricles meas- 

The ascending aorta was hypoplastic and meas- ured 3 mm. in thickness. The aorta arose from 
ured 1.2 cm. in circumference. At a distance of the left ventricle and was one-half the circum- 
2.4 cm. from the aortic valve it bifurcated to form ference of the pulmonary trunk. The aortic valve 
the innominate and left common carotid arteries. was bicuspid. The ascending aorta branched into 
The aortic arch was absent. The pulmonary trunk the innominate and the left common carotid ar- 
arose from the right ventricle and arched to the  teries. The origins of the coronary ostia were 
right and continued as the descending aorta along normal. 
the right anterior surface of the vertebral column. Summary of Postmortem Findings: (1) absence 
The pulmonary trunk in the arched portion gave of the transverse aortic arch; (2) hypoplasia of 
off four vessels. The left pulmonary artery was the the ascending aorta; (3) biscuspid aortic valve; 
first branch and arose 1.5 cm. from the pulmonic (4) interventricular septal defect; (5) patent 
valve. The left subclavian artery arose 0.2 cm. foramen ovale; (6) anomalous origin of the left 
distal to this, followed by the right pulmonary — subclavian artery; (7) cardiac hypertrophy and 
artery, which originated 3.8 cm. from the pulmonic dilatation; (8) acute passive hyperemia of viscera. 
valve in the arched portion connecting the pulmo- Case 3.—A girl weighing 6% Ib. was delivered 
nary conus and the descending aorta. The right at term and breathed spontaneously at birth. 
subclavian arose 0.8 cm. distal to the origin of the Thirty-three hours later respirations became 
right pulmonary artery. The pulmonary trunk then labored, and this difficulty was more marked during 
continued as the descending aorta. The vena cavae feeding. 
lay in the usual position. Physical Examination—tThe rectal temperature 

Summary of Postmortem Findings: (1) absence was 37.6 C. The baby was in respiratory distress, 
of aortic arch; (2) hypoplasia of ascending aorta; and there were hoarse grunting cries during ex- 
(3) bicuspid aortic valve; (4) patent foramen  piration, but cyanosis was not present. There was 
ovale; (5) ventricular septal defect; (6) right- dullness over the left lower lobe of the lung and 
sided descending aorta (persistent right ductus decreased breath sounds over the entire left lung 
arteriosus) ; (7) anomalous origins of right and left area. The heart sounds were normal, and no 
subclavian arteries; (8) subdural hematoma, left murmurs were heard. The liver was palpable 2 
parietal; (9) subarachnoid hemorhage, left parie- fingerbreadths below the costal margin. 
tal; (10) focal atelectasis; (11) acute passive Laboratory Data—The hemoglobin was 17 gm. 
hyperemia of all viscera. per 100 cc., and the white blood cell count, 36,400. 

Case 2.—A boy weighing 6 lb. 2 oz. was born A roentgenogram of the chest was not remarkable. 
after a normal pregnancy. He required resuscitation Hospital Course—Moist rales were heard over 
for about 20 minutes after a low forceps delivery. the left lower chest on the second day, and the 
Respirations were normal after resuscitation. child died three days after birth. 
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Autopsy Findings—The heart weighed 14 gm. 
(normal, 17 gm.). The superior vena cava drained 
into the right atrium, which was dilated. There 
was a small opening in the foramen ovale. The 
right ventricular wall was slightly hypertrophied, 
and the tricuspid valve was normal. There were 
multiple small defects between the muscular bundles 
in the interventricular septum. The pulmonary 
trunk originated from the right ventricle, close to 
the interventricular septum, and extended obliquely 
upward and backward and passed posterior and to 
the left of the hypoplastic ascending aorta. The 
pulmonary trunk then curved dorsally and down- 
ward as the descending aorta. At the point of 
origin of the right and left pulmonary arteries the 
intima was roughened and folded. The pulmonary 
veins bore their usual anatomic relation to the left 
atrium. The left atrium was small. There was a 
small dimple at the left atrioventricular junction, 
representing the atretic mitral orifice. 
valve leaflets were poorly 


The mitral 
developed and fused. 
The left ventricle was small, and the wall was one- 
third the thickness of the right. 

The ascending aorta measured 1 cm. in length 
and originated at the base of the left ventricle 
and to the right of The 
innominate and left common carotid arteries arose 
from the aorta and followed their usual distribution. 


the pulmonary artery. 


The left subclavian artery arose at the junction 
of the pulmonary artery and ductus arteriosus and 
followed its usual courses. The arch of the aorta 
There was no communication between 
the ascending either the 
trunk or the descending aorta. 


was absent. 
aorta and pulmonary 
The circumference 
of the ascending aorta was approximately half 
ahat of the pulmonary artery. Both coronary ostia 
were in their usual location. There was a biscuspid 
uortic valve. 

Summary of Postmortem Findings: (1) absence 
of the transverse aortic arch; (2) hypoplasia of 
ascending aorta; (3) biscuspid aortic valve; (4) 
atresia of the mitral orifice; (5) patent foramen 
ovale; (6) interventricular septal defects; (7) 
passive hyperemia of viscera; (8) atelectasis of 
upper left lung; (9) an accessory spleen. 

Case 4.—A boy weighing 2 lb. % oz. was still- 
born after seven and one-half months’ gestation. 
The mother was Gravida IV and Para III and had 
polyhydramnios. was a history of one 
miscarriage after four and one-half months’ gesta- 
tion three years previously. 


There 


Po-:tmortem Findings—The heart consisted of 
two chambers, the walls of which were thin and 
flabby 


attached. 


It weighed 10 gm. with the great vessels 

The inferior and superior vena cavae 
entered the common atrium. The common ventricle 
was four times larger than the atrium and com- 
municated with it by a narrow orifice which had 


no definite cusps. A small ascending aorta and a 
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Fig. 3 (Case 4).—The heart is opened so that 
the right side of the interventricular septum is 


visible. The high interventricular septal defect is 
present. The hypoplastic ascending aorta with the 
terminal branches, the innominate and left common 
carotid arteries, lie on the white card. The large 
probe is in the left subclavian artery. 


larger pulmonary trunk arose from the base ot 
the ventricle. The ascending aorta gave off two 
branches, one to each side of the neck. The 


pulmonary trunk gave off a branch to each lung 
and then continued to join the descending aorta. 
The aortic valve was bicuspid, and two coronary 
ostia arose from the sinuses. The pulmonary valve 
had three cusps. 

Summary of Postmortem Findings: (1) absence 
of transverse aortic arch; (2) hypoplasia of the 
ascending aorta; (3) bicuspid aortic valve; (4) 
cor biloculare; (5) anencephaly; (6) bilateral hare- 
lip and cleft palate; (7) heterotopia spinalis; (8) 
hypoplasia of left lung; (9) malrotation of in- 
testine; (10) absence of left diaphragm. 

Case 5.—This was a full-term stillborn macer- 
ated female fetus. The birth weight was 5 Ih. 9 oz 
The mother was Gravida XIII and Para IX and 
had had three abortions. The mother’s blood was 
Type A Rh-negative and the father’s was Type O 
Rh-positive. Serologic test for syphilis in the 
second trimester was negative. 

Postmortem Findings.—The heart was enlarged 
and weighed 25.8 gm. (normal, 17 gm.) with the 
great attached. 


vessels There was complete ab- 


sence of the aortic arch. The aorta measured 1.7 
cm. in circumference. It branched into the right 
and left common carotid arteries. The pulmonary 
trunk was large, measuring 2.8 cm. in circumference, 
and occupied three-fourths of the base of the heart. 
It did not communicate with the ascending aorta 
but was continuous with the descending thoracic 
aorta. The pulmonary trunk branched into the right 
and left pulmonary arteries. Only two pulmonary 


veins could be identified, and they emptied into the 
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Fig. 4 (Case 5).—4, descending aorta. S, origins 
of the right and left subclavian arteries at junction 
of the ductus arteriosus and pulmonary artery. C, 
right and left carotid arteries arising from the 
hypoplastic ascending aorta. P, the branching pul- 
monary arteries. 


leit atrium. The right and left subclavian arteries 
arose at the junction of the pulmonary trunk and 
the descending aorta, the right passing behind the 
trachea and esophagus. 

The foramen ovale was widely patent. The 
ventricles communicated by a septal defect measur- 
ing 1.20.7 cm. located in the anterosuperior por- 
tion of the septum. The right coronary artery 
arose from the ascending aorta, and the left 
coronary artery, from the anterior portion of the 
pulmonary trunk. The leaflets of the mitral valve 
were normal. The tricuspid valve was not re- 
markable. The aortic valve had one normal and 
two hypoplastic cusps. The pulmonic valve had 
a small accessory and three normal cusps. 

Summary of Postmortem Findings: (1) absence 
of the aortic arch; (2) hypoplasia of the ascend- 
ing aorta; (3) hypoplasia of two aortic valve 
cusps; (4) interventricular septal defect; (5) 
patent foramen ovale; (6) anomalous origin of 
the subclavian arteries from descending aorta; (7) 
accessory cusp on pulmonary valve; (8) cardiac 
hypertrophy and dilatation; (9) nonpneumatization 
of lungs; (10) recent hemorrhage of falx cerebri. 


Case 6.—A premature white boy, approximately 
35 gestatory weeks of age and weighing 1750 gm., 
was delivered by low forceps and with use of 
spinal anesthesia. 


At birth the child was limp and pallid, Respira- 
tions were intermittent and gasping. The heart 
sounds were of fair quality. There was marked 
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bradycardia. The ears were large and soit, with 
absence of cartilage, and set low on the head. The 
liver was palpable 1 1% fingerbreadths below the 
costal margin. There were bilateral club feet. 

Laboratory Data.—Hemoglobin 16 gm. per 100 
ce.; blood Type O Rh-positive; Coombs test nega- 
tive. 

The mother was Gravida III and Para Il, 19 
years of age, and healthy. Her serology was 
negative, and the pregnancy was uneventful. She 
was Rh-negative. 

The child died approximately two and one-half 
hours after birth, in respiratory distress. 


Postmortem Findings——The heart weighed 14 
gm. (normal, 15 gm.). There was a defect measur- 
ing 0.4 cm. in diameter in the membranous portion 
of the interventricular septum. The foramen ovale 
was patent and measured 0.8 cm. in diameter. 
It was partially covered by a membranous crescentic 
fold 2 mm. in width. The tricuspid, mitral, and 
pulmonic valves were normal. The aortic valve was 
biscuspid, the right part being larger than the left. 
A single coronary ostium was present above the 
medial half of the right cusp. The aortic ring 
was 1.2 cm. in circumference, as compared to the 
pulmonic circumference of 1.9 cm. The aorta did 
not override the ventricular septal defect. The 
ascending portion of the aortic arch was present, 
but the arch was absent. The ascending aorta 
terminated by dividing into two innominate arteries. 


Fig. 5 (Case 6)—The heart is opened, and the 
left side of the interventricular septum is exposed. 
Note the bicuspid aortic valves immediately above 
the interventricular septal defect. JVS, interven- 
tricular septum. A, ascending aorta. PA, pulmonary 
artery. JN, innominate arteries. RPA, right pul- 
monary artery. LPA, left pulmonary artery. DUC 
ART, ductus arteriosus. DA, descending aorta. 
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The main pulmonary artery gave off the left and 
right branches, and just distal to the origin of the 
left pulmonary artery the ductus arteriosus was 
present. It was patent and connected the pulmonary 
artery to the descending thoracic aorta. The ductus 
measured 0.8 cm. in width and 1 cm. in length. 
The abdominal aorta was not unusual except that 
no renal arteries could be identified as arising from 
it. 

The left kidney was absent. The right kidney 
was immediately adjacent to the right adrenal and 
was smaller than usual, measuring 1.8<0.7X0.4 cm. 
Its surface was lobulated, but no corticomedullary 
demarcation was present, and the renal pelvis 
was not identified. The distal portion of the right 
ureter was atretic. The lungs were markedly 
hyperemic and nonpneumatized. 

Summary of Postmortem Findings: (1) absence 
of transverse aortic arch; (2) hypoplasia of the 
ascending aorta; (3) bicuspid aortic valve; (4) 
interventricular septal defect; (5) patent foramen 
ovale; (6) agenesis of the left kidney and hypo- 
plasia of right kidney; (7) marked hyperemia and 
nonpneumatization of lungs; (8) prematurity 


(1750 gm.). 


Taste 1.—Cardiovascular Lesions of Collected Cases of Absence of 
Transverse Aortic Arch* 


A. M. A. ARCHIVES OF PATHOLOGY 


Comment 
Anatomic Lesions.—The cardiac and vas- 
cular defects in the present 6 cases and in 
12 of the cases previously reported in the 
literature are listed in Table 1. Hypoplasia 
of the ascending aorta was present in 12 of 
the 15 cases in which adequate description 


was given. In two of the three cases in 
which the ascending aorta was not described 
as hypoplastic, the circumferences were 
listed as 17 mm. and 14 mm. Malformations 
of the cusps of semilunar valves were pres- 
ent in 9 of 15 cases, and of these the aortic 
valve cusps were involved 8 times. Seven 
of the aortic valve deformities took the form 
of bicuspid valves. The foramen ovale was 
patent in 12 of 17 cases. One of the other 
cases was a cor biloculare. A ventricular 
septal defect was present in 16 of 18 listed 
cases, and again 1 of the 2 remaining was 
the cor biloculare. The ventricular defect 


Absent Hypo Malfor- Patent Ventri- 
Trans- oplasia mation, Foramen cular 
Authors verse Ascend Semi- Ovale Septal 
Aortic ing lunar Defect 
Arch Areh Valve 
Cusps 


Gaspar + + 0 + 4. 
Abbott + + + — + 
Evans 1 + + — + + 
2 + + — + + 
3 + > 0 
Hamburger + + 
Stewart + -- 
Jew & Gross + 0 0 + & 
Kintner + 0 0 0 + 
Barger et al. + 0 
Jew & Gross + + - + 
Present 1 + + + + + 
authors 
2 + + + + + 
3 + + + + + 
4 + + ~ 0 0 
5 + + + + + 
6 sg + + + + 


Other Cardio- 


Hyper- Anomalous Origin Mitral Trans- 

trophy of Carotid & Atresia position vascular 
Ven- Subclavian Great Anomalies 
tricle Vessels Vessels 


L sub arises 
R-L__junct. PA, DA 0 0 0 
& desc. aorta 


L sub arises Common atrio- 


dese. aorta + ventricular canal 
R & L sub arise 
R-L dese. aorta 0 0 0 
Small L sub arises 
-- desc. aorta 0 0 0 
0 0 0 0 0 
In LCC & Lsub 
L off ascend. aorta 0 + 0 
LCC & Lsub 
a off ascend. aorta 0 0 0 
to PA 
L sub, LCC & In 
— off ascend. aorta 0 0 0 
L sub off junct. R PA originates 
R-L DA & desc. aorta 0 0 from aorta 
All vessels arise Persistent L 
R from ascend. sorta + 0 superior vena 
cava 
L sub off desc. 
_- aorta opposite DA 0 0 0 
R sub off R In; 
R L sub unknown 0 0 _ 
L sub off junct. 
R PA & DA; R sub 0 0 R dese. aorta 
off PA distal to L 
sub 
L sub off junct. 
0 PA&DA 0 0 
L sub off junct. 
R PA& DA + 0 0 
L sub not 
0 identified 0 0 Cor biloculare 
R & L sub off L coronary art. 
~ junct. PA & DA 0 0 arises from PA 
0 Lsuboff LIn 0 0 0 


* + indicates present; 0, absent; —, 
carotid; In, innominate. 
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no data; sub, subclavian artery; PA, pulmonary artery; DA, ductus arteriosus; CC, common 
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was frequently seen in the superior mem- 
branous portion of the interventricular 
septum. Cardiac hypertrophy was present 
in 10 of 12 cases and was usually of the 
right ventricle. Mitral atresia was present in 
only 3 of 17 cases, and transposition of the 
great vessels was noted twice. 

In seven cases the ascending aorta gave 
origin to the innominate and left common 
carotid arteries, and the left subclavian arose 
just distal to the junction of the descending 
aorta, the ductus arteriosus, and the main 
pulmonary trunk. In four cases the innomi- 
nate, left common carotid, and left sub- 
clavian all arose from the ascending aorta. 
In three cases both the right and the left 
subclavian arteries rose from the descending 
aorta and pulmonary artery, while the as- 
cending aorta gave off only the right and 
left common carotids. In one case the left 
common carotid and left subclavian arteries 
arose from the descending aorta and the 
pulmonary artery. In three cases the left 
subclavian origin is not described. Abbott * 
has described two types of absence of the 
transverse aortic arch. The first, and com- 
moner, type is that in which the subclavian 
and carotid vessels arise from the ascending 
aorta. This type she regarded as a severe 
form of infantile coarctation of the aorta in 
which the stenosed part is completely absent. 
In the rarer type, the aortic arch is absent 
just after the origin of the left carotid artery 
and before the origin of the left subclavian 
artery, which is given off from the descend- 
ing aorta. However, at least two other types 
exist. These are (a) origin of both right 
and left subclavian vessels from descending 
aorta and (>) origin of left common carotid 
and left subclavian arteries from the de- 
scending aorta. 

Hypoplasia of the ascending aorta; mal- 
formation of the semilunar valve cusps, par- 
ticularly the aortic cusps, and a defect in 
the membranous portion of the ventricular 
septum are frequently associated with ab- 
sence of the transverse aortic arch. That 
this association is not merely coincidence is 
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indicated by consideration of the embry- 
ologic development of these structures. 
Embryologic Considerations—At about 
the third week of embryonic life, the human 
embryo begins to form six pairs of aortic 
arches connecting ventral and dorsal aortae. 
The first two pairs degenerate before the 
posterior arches have been established, but 
their disappearance is neither abrupt nor 
complete. The third arches develop into 
the internal carotids. The fourth aortic arch 
has a different fate on opposite sides of the 
body. On the left it persists as the arch of 
the adult aorta; on the right it forms the 
proximal part of the subclavian artery. The 
fifth arch on each side has a transitory ex- 
istence. The sixth aortic arch changes its 
original relationships more than the others. 
At an early stage of development branches 
extend from its right and left portions to- 
ward the lungs. After these pulmonary 
vessels have been established, the right side 
of the sixth aortic arch loses communication 
with the dorsal aortic root and disappears. 
On the left, however, the sixth arch retains 
its communication with the dorsal aortic root 
and is the ductus arteriosus. As the paired 
aortic arch system is evolving and involut- 
ing, the primitive cardiac tube is bending 
to form the atria and ventricles. The most 
cephalic part of the cardiac tube persists 
as the truncus arteriosus, connecting the 
ventricle with the ventral aortic roots. A 
bulging portion of the truncus arteriosus is 
the site of division into separate pulmonary 
and aortic roots. At this site, even at an 
early stage (6 mm. embryo), there is a 
primitive cushion of endocardial tissue ex- 
tending as two longitudinal ridges in a 
clockwise spiral path from the cephalic end 
of the truncus arteriosus through the conus 
to the ventricle? This ridge system can be 
separated into three sections: 1. The region 
of the ventral aortic roots at the level where 
the fourth and sixth left aortic arches are 
to be separated. This ridge, when completed, 
forms the septum aortopulmonale between 
the origins of the ascending aorta and the 
main pulmonary artery. 2. The level where 
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the aortic and pulmonary valves are formed. 
3. The ventricular of the semilunar 
valves. In the latter region the conus portion 


side 


of the truncus ridges meet with the inter- 
and local en- 
atrioventricular 


ventricular septum certain 
largements of the 
cushion to complete the partitioning of the 


ventricles in the membranous portion. 


canal 


Correlated anatomic defects exist in all 
three portions of the developing truncus 
ridges in the majority of cases with absent 
transverse aortic arch. The frequent occur- 
rence of hypoplasia of the ascending aorta, 
malformation of the semilunar valve cusps, 
and a defect in the membranous portion of 
the interventricular to be 
reasonable evidence of a defect in the em- 
bryologic development of the truncus ridges 
in cases with absent transverse aortic arch. 


The 


septum appear 


adult aortic arch itself is derived 


embryologically from several structures, in- 


cluding (a) the aortic trunk, which develops 
into the proximal end of the arch from the 
valves to the innominate artery; (>) the left 
half of the aortic sac, which develops into 
the portion of the arch between the innomi- 
nate and left common carotid arteries, and 
(c) the left fourth aortic arch together with 
the paired aortae between it and the develop- 
ing pulmonary (sixth) arch, which is the 
ancestral site of the portion of the arch 
between the left common carotid artery and 
the ductus arteriosus. 

An analysis of the origins of carotid and 
subclavian vessels in our cases indicates that 
it is the latter portion of the aortic arch, 
that derived from the fourth left aortic arch 
and the paired aortae between it and the 
sixth arch, which is deficient. However, in 
at least one other case, that in which the 
left common left subclavian 
arteries arose from the descending aorta and 
pulmonary artery, there may be additional 
in the formation of the aortic 
arch. The anomalous origin of the right 
subclavian with the left subclavian from 
the descending aorta need not involve a 
further defect in the aortic-arch-system com- 


carotid and 


deficiencies 


ponents. 
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The absence of the fourth left aortic arch 
is probably the result of an abnormal invo- 
lution of this structure rather than a com- 
plete lack of development embryologically. 
Ample evidence is present from embryologic 
studies of formation and subsequent involu- 
tion of other portions of the embryonic 
aortic arch system, including the first, sec- 
ond, and fifth arches. 
cussion of the transformation of the aortic 


In his excellent dis- 


arch system, Congdon * repeatedly stresses: 
the influence of the dynamic environmental 
processes on the development of the vascular 
system and states, “The chief cause of the 
disappearance of the first and second arches 
is probably to be found in the shift of the 
blood stream to the more caudal arches— 
which accompanies the caudal movement of 
the aortic sac.” 

With this background of the influence of 
dynamic development of the arch system 
in the embryo it seems reasonable to attempt 
to associate the malformations of the truncus 
ridges and the absent fourth left aortic arch. 
The defective partitioning of the septum 
aortopulmonale with its attendant formation 
of a hypoplastic ascending aorta as well as 
the defective formation of the aortic valve 
cusps may well act to shunt the main stream 
of blood flow in the embryo from its normal 
course in the fourth left arch to the enlarged 
sixth arch. This relative disuse of the fourth 
arch possibly could be instrumental in caus- 
ing an involutionary change, with ultimate 
hypoplasia. 

Clinical Analysis—In Table 2 are sum- 
marized 12 cases which we have personally 
reviewed and the 6 cases reported here. Of 
17 cases in which the sex of the infant was 
noted, 9 were boys and 8, girls. The age of 
survival varied from stillbirth to 180 days, 
and the average survival time was 15.2 days, 
but if the single 180-day value is omitted, 
the mean survival age is 4.9 days. There 
appeared to be no consistent prenatal factor 
associated with the appearance of this anom- 
aly. The majority of the mothers were 
multigravida. There was no history of in- 
fectious disease or blood incompatibilites in 
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ABSENCE OF TRANSVERSE AORTIC ARCH 


TaBLe 2.—Clinical Data of Collected Cases of Absence of Transverse Aortic Arch 


Age, Days Cyanosis Mongolism 


Author Sex 

Gaspar F aad 0 
Abbott - 15 hr + + 
Evans 1 M 3 
2 F ll 
M 2 
Hamburger M 30 + 0 
Weisman & M 3 + 0 

Kesten 
Stewart F 2 + 0 
Jew & Gross M oo 0 
Kintner F 14.5 hr. — 0 
Barger et al. F 8 + 0 
Jew & Gross F 54 hr. + 0 
Present 1 M 8 0 0 
authors 2 M 3 + 0 
3 F 3 0 0 
4 M Stillborn 
5 F Stillborn 0 
6 M Premature 0 0 

214 hr. 


Cardiac 
Murmurs 


Other Lesions & 
Congenital Defects 


Bilat. otitis media 


Respiratory Cardiac 
Distress Enlargement 


i+ 


Passive hyperemia of 
lungs and viscera 
Atelectasis, left lung 


oto ot 


ott 


Accessory spleen, double 

cervix & vag 

Marked pulmonary ede- 
ma; mesenteric attach- 
ment of right large bowel 


Cleft palate 
Pneumonia, hepatome- 


galy 
Anencephaly, cleft palate, 
3 eyes 


co 
| +4+4++ + 
| cool + +lo 


0 + 0 Agenesis of L kidney; 
hypoplasia of R kidney 


10 of 13 cases in which the data were given. 
However, there was an Kh incompatibility 
of the blood of the parents in Case 5. 
Cyanosis was noted in 10 of 13 cases in 
which the data were presented. In 6 of the 
10 cases it was noted that the cyanosis came 
on at varying times after birth, from after 
the first feeding to the seventh day of life. 
Cyanosis of the lower portion of the body 
is said to be characteristic of this malforma- 
tion, while the upper trunk, head and neck, 
and some part of the upper extremities are 
of normal color,* but this was observed in 
only one of our cases (Case 5). In Ham- 
burger’s® case with transposition of the 
great vessels, in addition to the absent trans- 
verse aortic arch, the cyanosis was more 
The intermit- 
tency or inconstancy of the cyanosis is prob- 


intense above the umbilicus. 


ably related to associated cardiac septal 
defects on malrotation of the trunks of the 
great vessels which act to shunt some oxy- 
genated blood into the descending aorta and 
thus mask this sign. It is for this reason 
that what has been considered the classical 
manifestation of absence of the transverse 
aortic arch is not usually observed. 
Mongolism was noted once in 15 cases, 
and this case had an associated common 
atrioventricular canal.t Cardiac murmurs 
were heard in 3 of 10 cases in which data 
were presented. Cardiac enlargement was 


Kleinerman et al. 


noted in four of eight cited instances, and 
it is of interest that three of the four cases 
were among the oldest surviving. Respira- 
tory distress was a common clinical feature, 
occurring in eight of nine cases in which 
data were presented. It usually appeared 
shortly before death. This, plus the frequent 
postmortem finding of severe hyperemia of 
the lungs, indicates that terminal cardiac 
failure probably is a constant feature. 


The paucity of definitive clinical signs 
makes the possibility of antemortem diag- 
nosis unlikely. Cardiac murmurs were either 
absent or not distinctive enough to be of 
diagnostic help. This diagnosis may be spe- 
cifically suggested ante mortem, by the pres- 
ence of cyanosis restricted to the lower 
extremities, lower trunk, and possibly the 
left and right arms, while the head and neck 
are normal in color. The frequent occur- 
rence of associated septal defects is probably 
responsible for the fact that this sign is not 
seen with greater frequency and detracts 
from its value as a diagnostic aid. 


Summary 


Six cases of absent transverse aortic arch 
are presented, bringing the total reported 
cases to twenty-seven. Infants afflicted with 
this anomaly usually do not survive longer 
than 15 days, and the majority survive less 
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than 5 days. Cyanosis is frequently present 
and usually appears a few days following 
birth. Cyanosis of the lower half of the body 
only, which is said to be diagnostic of absent 
transverse aortic arch, was seen in only one 
of the present cases. Respiratory distress 
was the commonest symptom and usually 
appeared several hours before death. 

Absence of the transverse aortic arch is 
frequently associated with hypoplasia of the 
ascending aorta, malformation of the aortic 
valve, and a defect in the membranous por- 
tion of the interventricular septum. This 
suggests that faulty partition of the truncus 
arteriosus may be causally related to the 
abnormal involution of the fourth left aortic 
arch. 


Department of Pathology, Cleveland City Hospi- 
tal (9). 
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Manuronate 


Introduction 


It has been shown previously that sulfated 
alginic acid (SAA), a nonanticoagulant sul- 
fated polymannuronide, given in the pres- 
ence of a high cholesterol intake, will 
prevent the development? and arrest the 
progress * of preestablished cholesterol ath- 
erosclerosis while suppressing lipemia and 
stimulating lipid phagocytosis in reticulo- 
endothelial tissues and kidney (i.e., pro- 
voking a foam-cell reaction). 

The present study shows that Manuronate 
(Wyeth), an anticoagulant sulfated poly- 
mannuronide, has similar atherostatic, anti- 
lipemic, and lipophage-stimulating properties. 
An experimental analysis is made of factors 
controlling lipid phagocytosis, and it is dem- 
onstrated that, under proper conditions, this 
compound can exert a marked and sustained 
antilipemic effect without provoking a. foam- 
cell reaction or other undesirable side-effects. 


Materials and Methods 


A total of 199 rabbits was used in four experi- 
ments. In each experiment, the groups under com- 
parison were balanced with regard to litter, sex, 
and initial body weight and they were match-fed 
daily to the minimum intake. 

EXPERIMENT 1.—This experiment was designed 
to find out whether high dosages of Manuronate, 
like SAA, given some time after the development 
of atherosclerosis and in the presence of continued 
high cholesterol intake, would affect the pre- 
established lipemia and atherosclerosis and whether 
it would elicit any cellular lipophagia (foam-cell 
reaction) under those circumstances. It was also 
designed to find out whether Manuronate would 
produce any foam cells in the absence of a high 
cholesterol intake. 


Submitted for publication Oct. 30, 1957. 
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A lot of 70 rabbits were given a 1%-cholesterol 
diet for two months. At the end of this period, 
the 48 animals that developed comparable serum 
cholesterol and turbidity levels were divided into 
four groups of 12 animals each, the remaining 22 
rabbits being discarded. The rabbits in Group I 
were killed immediately, whereas those in Groups 
II, III, and IV were kept alive for another 
(third) month before killing. During this third 
month, the rabbits in Group II continued the 
cholesterol diet, those in Group III continued the 
cholesterol diet and received daily subcutaneous 
Manuronate injections (10 mg. per kilogram), and 
those in Group IV switched to a normal (choles- 
terol-free) diet. 

Simultaneously, in order to study ‘he effects of 
Manuronate on macrophages in the absence of 
cholesterol feeding, the following two additional 
eight-rabbit groups were tested. The rabbits in 
Group V were given a normal diet throughout the 
duration of the experiment, and those in Group 
VI were similarly given a normal diet throughout 
the duration of the experiment, but they also 
received daily subcutaneous Manuronate injections 
(10 mg. per kilogram) during the third month. 

End-points were periodic serum turbidity, cho- 
lesterol, phospholipid, and total lipid determina- 
tions; aortic atherosclerosis evaluation (plaque 
area and thickness) ; determination of splenic mass 
and cholesterol content, and histological examina- 
tion of spleen and kidney. 

Serum turbidity and total cholesterol were de- 
termined as previously*; serum phospholipid was 
calculated by determining lipid phosphorus with a 
modified method of Youngburg and Youngburg* 
and multiplying the value so obtained by 25; serum 
total lipids were estimated by the method of 
Swahn.‘ 

The total aortic atheroma area was measured 
planimetrically as described previously.” The 
maximal thickness of the largest plaque in each 
aortic arch was measured micrometrically in a Su- 
dan-hematoxylin-stained, formalin-prefixed frozen 
section made from a minute sample through the 
center of the highest lesion in every arch; it 
represented the greatest distance in microns from 
the base (first intact elastic lamella) to the surface 
of the atheroma sampled. Splenic cholesterol was 
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determined by the method of Sperry and Webb.* 
The histological studies were made in hematoylin- 
and-eosin-stained paraffin sections and in sudan-and- 
hematoxylin-stained frozen sections from every 
spleen (midportion) and kidney (whole organ). 

EXPERIMENT 2.—This experiment was designed 
to study the effects of cholesterol intake, pre- 
established lipemia, and drug-dosage levels on the 
Manuronate-induced lipophagic reaction as well 
as to determine the reversibility of this reaction 
after withdrawal of both the drug and the cho- 
lesterol alimentation, 

A lot of 60 rabbits were given a cholesterol 
regimen for seven weeks, half of the animals being 
given a high- (1%) and the other half a low- 
(0.5%) cholesterol diet. At the end of this initial 
seven-week cholesterol-feeding period, 22 animals 
with the high cholesterol intake that achieved com- 
parably high serum-turbidity and cholesterol values 
were selec ed and subjected to daily high-dosage 
Manuronai2 injections (10 mg. per kilogram, s. c.), 
while continuing their high-cholesterol diet, for 
another (third) month. At the end of this third 
month, the rabbits given high-cholesterol diets aad 
high-dosage Manuronate injections were divided 
into two groups, Group I (10 rabbits) being killed 
immediately, whereas in Group II (12 rabbits) 
Manuronate was discontinued and 


they were 


switched to a normal (cholesterol-free) diet for 
another two months before killing. 

Similarly, 20 animals given the low-cholesterol 
intake that achieved comparably low serum-turbid- 
ity and cholesterol values at the end of the initial 
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two-month cholesterol feeding period were selected 
and divided into two groups (Groups III and 1\ ) 


of 10 rabbits each. Both groups were subjected to 
daily Manuronate injections while continuing their 
low cholesterol intake for another (third) month 
before killing, but one (Group III) received a high 
(10 mg. per kilogram, s. c.), whereas the other 
(Group IV) received a low (2.5 mg. per kilogram, 
s. c.) dosage level of this drug. 

End-points of this experiment were the same 
as those of the preceding one, with the exception of 
serum phospholipids, total lipids, and atheroscle- 
rosis, which were not studied. 

EXPERIMENT 3.—This experiment was designed 
to restudy the effects of drug dosage and choles- 
terol-intake level under conditions of exceedingly 
high preestablished lipemia and prolonged treat- 
ment. 

A lot of 45 rabbits were given a high- (1%) 
cholesterol diet for 10 weeks. At the end of this 
period, the 24 animals that achieved comparably 
excessive serum turbidity and cholesterol values 
were selected and divided in three groups of 8 
rabbits each. 


All three groups were subsequently 
subjected 


to daily Manuronate injections while 


continuing on various cholesterol intakes for 
another two months before killing, as follows: 
Group I, high cholesterol (1%) intake and 


high Manuronate (10 mg. per kilogram) dosage; 
Group II, low cholesterol (0.5%) intake and high 
Manuronate (10 mg. per kilogram) dosage; Group 
III, high cholesterol (1%) intake and low Manu- 
ronate (2.5 mg. per kilogram) dosage. 


Group Day 0* 


I. Early cholesterol controls 


540.7 
II. Late cholesterol controls 540.7 
III, Manuronate plus cholesterol 540.7 
IV. Cholesterol] withdrawal 540.7 


I. Early cholesterol controls 7044.5 


II. Late cholesterol controls 70+4.5 
Manuronate plus cholesterol 70+4.5 
IV. Cholesterol withdrawal 7044.5 


1. Early cholesterol controls 


109411 
II. Late cholestero] controls 109+11 
III. Manuronate plus cholesterol 109411 


. Cholestero] withdrawal 109411 


I. Early cholesterol controls 


0.82+0.16 

Il. Late cholesterol controls 0.82+0.16 
III, Manuronate plus cholesterol! 0.82+0.16 
IV. Cholesterol withdrawal 0.82+0.16 


Early cholesterol controls 


367472 
II. Late cholesterol controls 


7+72 
III. Manuronate plus cholesterol 367472 
1V. Cholesterol withdrawal 367472 


TaBLe 1 (Experiment 1).—Blood Lipids (Means +e) 


A. Serum Turbidity, Klett Units 


B. Serum Total Cholestero), Mg./100 M). Serum 
1048+109 Killed 


C. Serum Phospholipids, Mg./100 M1. Serum 


465440 
D. Serum Cholesterol:Phospholipid Ratio 


2.21+0.10 Cholesterol withdrawn 
E. Serum Total Lipids, Mg./100 M1. Serum (Referred to a Corn-Oil Standard 


34154423 


Day 58 * Day 64 * Day 70 * Day 83 * 


5246.8 Killed 

5446.8 6548.4 4947.2 
5146.7 Injections started 11+1.2 8+1.4 
5346.1 Cholesterol] withdrawn 1442.1 1241.3 


1066+90 1224+116 
1007+103 Injections started 353447 
1023-85 Cholesterol withdrawn 418472 


464431 Killed 
496+36 567457 
438440 Injections started 219417 


Cholesterol withdrawn 


2.2640.18 Killed 
2.15+-0.13 2.20+0.20 
2.2940.13 Injections started 1.554+0.12 


1.61+0.13 


29854434 Killed 
26284257 35014243 
25924340 Injections started 956+ 123 


Cholesterol withdrawn 


500 


* Days are numbered with reference to the commencement of cholesterol feeding. 
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End-points of this experiment were the same 
as those of Experiment 2, with the exception of 
splenic cholesterol, which was not determined. 

EXPERIMENT 4.—This experiment was expected 
to show whether the intermittent administration of 
low dosages of Manuronate would have any anti- 
lipemic or lipophagia-inducing effects. 

A lot of 24 rabbits were given a low- (0.5%) 
cholesterol diet for two months. At the end of 
this period, 16 rabbits that achieved comparable 
serum turbidity values were selected and divided 
into two groups of 8 animals each. Both groups 
continued on the 0.5%-cholesterol diet for another 
two months before killing, but Group I received 
no treatment, whereas Group II received low 
dosages of Manuronate (2.5 mg. per kilogram) 
weekly, throughout the latter two 


three times 


months. 
End-points of this experiment were the same as 


those of Experiment 3. 


Results 

E-xXPERIMENT 1 (Tables 1-3).—As can be 
seen in Table 1, cholesterol feeding for two 
months (Group I) raised the serum-tur- 
bidity, cholesterol, phospholipid, cholesterol- 
phospholipid (C:P) ratio, and_total-lipid 
levels to high values. An additional (third) 
month of cholesterol feeding (Group II) 
maintained these values at the same high 
levels or tended to increase them even fur- 
ther. Manuronate, given concurrently with 
cholesterol feeding during the third month 
(Group III), wiped out the serum lactes- 
cence and it depressed the serum cholesterol, 
phospholipid, C:P ratio, and total lipid levels 
by 65%, 50%, 32%, and 63%, respectively. 
This normaling effect of Manuronate on the 
preestablished lipemia (which was exerted 
despite the continued high cholesterol intake ) 
was comparable to or even greater than the 
effect of cholesterol withdrawal 


(Group IV). 


dietary 
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Tas._e 3 (Experiment 1).—Spleen and Kidney 


Taste 2 (Experiment 1).—Aorta 


Mean Mean 
Aortic Maximum 
Area Thickness 
Group Occupied of Largest 
by Plaques Plaque in 
+e% Aortic Arch 
I. Early cholesterol controls 11.0+4.9 118432 
Il. Late cholesterol controls 22.745.0 243430 
Ill. Manuronate plus cholesterol 12.644.3 161425 
IV. Cholesterol withdrawal 14.4444 214433 


Correspondingly, Table 2 shows that con- 
tinued cholesterol feeding during the third 
month doubled the area and the thickness of 
the lesions that had been produced during 
the preceding two months, whereas Manu- 
ronate treatment, given together with choles- 
terol feeding, arrested the growth of both 
the total preestablished atheroma area and 
the thickness of the upper aortic plaques. 
It is of interest that despite dietary cho- 
lesterol withdrawal the arch lesions of 
Group IV tended to grow in thickness dur- 
ing the third month (P=0.05). 

It should be further noted that the over-all 
incidence of medial calcification in this ex- 
periment was low and of a slight degree 
wherever it occurred, without significant 
predilection for any group. 

Table 3 shows that Manuronate, given in 
the presence of a high cholesterol intake, 
caused a considerable and significant incre- 
ment of the splenic mass, cholesterol content, 
and foam-cell reaction and it provoked a 
marked renal foam-cell reaction, while ar- 
resting body growth. Given at the same 
high-dosage level in the absence of dietary 
cholesterol, however, the drug failed to in- 
crease the splenic weight and cholesterol 
content or to produce foam cells in spleen 
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Mean Body 
Mean Mean Splenic Foam-Cell Renal Foam-Cell Wt. Change’ 
Splenic Splenic Reaction Reaction During Third 
Group Wt. +e Cholesterol Month, % 
(Mg./Kg.) +e Inci- Mean Inci- Mean of Preinjec- 
Mg./Spleen dence, Degree dence, Degree tion Value 
% % 
I. Early cholesterol controls 18 0.7 0 
Il. Late cholesterol controls 5745 54 2.3 0 - +3.6 
Ill. Manuronate plus cholesterol 14204166 245444 92 3.6 50 13 +0.9 
IV. Cholesterol withdrawal 412463 18+5 a 1.5 0 a +54 
V. Absolute controls 389435 5.8+0.9 0 0 oe +12.0 
VI. Manuronate alone 422+38 5.9+0.4 0 0 +10.7 
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TABLE 4 (Experiment 2).—Blood Lipids 
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Group Day 0 


I. High Manuronate-high cholesterol 442.4 

Il. High Manuronate-high cholesterol, followed 442.4 
by withdrawal of both 

III. High Manuronate-low cholesterol 442.4 

IV. Low Manuronate-low cholesterol 442.4 


I. High Manuronate-high cholesterol 6247 

Il. High Manuronate-high cholesterol, followed 6247 
by withdrawal of both 

Ill. High Manuronate-low cholesterol 

IV. Low Manuronate-low cholesterol 6247 


A. Serum Turbidity, Klett Units 


B. Serum Cholesterol, Mg./100 Ml. Serum 


Day 45 Day 49 Day 63 Day 77 
6449.6 Injections started 11+2.4 1543.1 
6345.5 Injections started 8+1.9 1443.3 
2241.3 Injections started 4+0.7 340.9 
2645.3 Injections started 4+1.0 340.7 


9454102 Injections started 426453 531+68 
109589 Injections started 466462 512456 

5684134 Injections started 244443 on 

558+60 Injections started 265427 207431 


and kidney and it permitted normal body 
growth (Group V1). 

It should be underlined that the lipid 
nature of the substance accumulating in the 
foam cells was proven histologically by the 
excellent correlation between vacuoles in 
paraffin sections and sudanophilic material in 
frozen sections from every animal in every 
group. 

Intercurrent accidents and infections ac- 
counted for the loss of one rabbit in each 
of Groups I, IT, and IV. 

EXPERIMENT 2 (Tables 4 and 5).—The 
data of Table 4 demonstrate that high dos- 
ages of Manuronate attacked a high lipemia 
(Groups I and IT) as effectively as a mod- 
erate lipemia (Group III) and that low dos- 
ages of Manuronate were as effective as high 
dosages in attacking the latter (Group IV). 


In Table 5, comparison of Groups I and 
II shows that two months’ withdrawal of 
both Manuronate and cholesterol feeding led 
to a return of the enlarged spleen to normal 
size and to a disappearance of its foam cells 
and accumulated cholesterol. 


In the same Table, comparison of Groups 
I and III shows that at a constant (high) 
Manuronate dosage lowering of the choles- 


TasLe 5 (Experiment 


terol intake greatly depressed the splenic 
cholesterol uptake and altogether eliminated 
the splenic foam-cell reaction. Finally, com- 
parison of Groups III and 1V demonstrates 
that at a constant (low) cholesterol intake 
lowering of the Manuronate dosage prevents 
splenic enlargement and _ significantly de- 
presses splenic cholesterol uptake. Growth 
was retarded at the high dosage level, but 
it proceeded normally at the low dosage level 
of the drug. For clinical purposes, the most 
important result of this experiment was that 
at the 2.5 mg. per kilogram dosage level 
Manuronate exerted a prompt and sustained 
depressor effect on a hypercholesterolemia 
of the human order of magnitude (around 
500 mg. per 100 ce.) without provoking any 
splenic or renal foam-cell reaction or inter- 
fering with normal growth. 

There was one death due to intercurrent 
infection in Group IT. 

EXPERIMENT 3 (Tables 6 and 7).—This 
experiment showed that low dosages of 
Manuronate were almost as effective as high 
dosages in attacking an exceedingly high 
preestablished hypercholesterolemia and in 
maintaining its antilipemic effect over a 
longer cholesterol-feeding period than that 
tested in the preceding experiment. Further- 


2).—Spleen and Kidney 


Mean 
Splente 
Group Wt. * 
Mg./Kg 
1. High Manuronate-high cholesterol 11934147 
II. High Manuronate-high cholesterol, followed 508+81 
by withdrawal of both 
III. High Manuronate-low cholesterol 8744104 
1V. Low Manuronate-low cholesterol 493-445 


Mean Body 
Mean Splenic Foam-Cell Renal Foam-Cell Wt. Change 
Splenic Reaction Reaction ing Injec- 
Chol ‘ol tion Period, 
+«¢ Inci- Mean Inci- Mean % of Pre- 
Mg./Spleen dence, % Degree dence Degree treatment 
Value 
76.2423 40 19 0 +2.6 
1040.1 0 0 +2.9 
18.6+2.7 0 5 0 +2.7 
11.142.4 0 0 +9.6 
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TABLE 6 (Experiment 3).—Blood Lipids 


Group Day 0 


Day 63 Day 71 Day 91 


A. Serum Turbidity, Klett Units 


I. High Manuronate-high cholesterol 

. High Manuronate-low cholesterol 
(during injections) 

Low Manuronate-high cholesterol 


541.2 
541.2 


541.2 


83411 


82412 


Injections started 
Injections started 


Injections started 


1742.3 
1542.8 


2845.4 


B. Serum Cholesterol, Mg./100 M1. Serum 


I. High Manuronate-high cholesterol 

. High Manuronate-low cholesterol 
(during injections) 

. Low Manuronate-high cholesterol 


4246 
4246 


4246 


2166446 
1736+79 


17014111 


Injections started 
Injections started 


Injections started 


more, low dosages of Manuronate provoked 
no renal foam-cell reaction or growth arrest, 
and they produced only a minimal spienic 
reaction. By contrast, high dosages of 
Manuronate elicited, under the conditions of 
this experiment, marked renal as well as 
splenic foam-cell reactions, these effects be- 
ing moderately more prominent on the high 
than on the low cholesterol-intake level. 
Microscopic evidence of mild basophilic 
media necrosis was present in a few arcuate 
and interlobular renal arteries of some ani- 
mals in Group I (high Manuronate and high 
cholesterol), but it was not encountered in 
the other two groups. 

EXPERIMENT 4 (Tables 8 and 9).—The 
data of this experiment indicate that even 
intermittent treatment with low dosages of 
Manuronate has a significant—though slight 
—depressor effect on a moderate lipemia of 
long standing, without producing any splenic 
or renal foam-cell reaction or growth arrest. 


Comment 
Since Manuronate simulates the biological 
properties of SAA, it is probable that most 
sulfated polysaccharides with a mannuronic 
acid repeat unit can suppress exogenous 
lipemias of long standing and can arrest 
the progress of preestablished atherosclero- 


sis. The remarkable antilipemic potency of 
these agents is illustrated by the fact that 
Manuronate, given in the presence of con- 
tinued high cholesterol intake, depressed the 
elevated blood lipids as effectively as cho- 
lesterol withdrawal. The commercial avail- 
ability and relative inexpensiveness of 
Manuronate should make it a convenient 
representative of this class of compounds 
for further experimental and clinical studies. 
As far as the foam-cell reaction (f. c. r.) 
is concerned, the data of this investigation 
proved conclusively (a) that the material 
filling the foam cells of Manuronate-treated 
lipemic animals is indeed lipid and (6) that 
it is exogenous fat, removed from the blood 
by macrophages, not endogenous material 
produced by local or systemic lipogenesis. 
Since it can be easily computed that the 
cholesterol accumulating under the influence 
of Manuronate in the spleen represented 
only a fraction of that cleared out of the 
blood stream or absorbed from the intestine, 
it seems that cholesterol accumulated 
foam cells merely because it was “pushed” 
into the cells faster than they could eliminate 
it. All observed facts are compatible with 
this hypothesis. Thus, the f. c. r. was max- 
imal when both the cholesterol load pre- 


in 


TABLE 7 (Experiment 3).—Spleen and Kidney 


Mean 
Splenic 
Wt+64 
Mg./Kg. 


I. High Manuronate-high cholesterol 

II. High Manuronate-low cholesterol 
(during injections) 

III. Low Manuronate-high cholesterol 


2429+ 262 
19174418 


9324176 


dence, 


Mean Body 
Renal Foam-Cell Wt. Change 
Reaction During 
Treatment, 
Inci- Mean % ot Pre- 
dence, % Degree treatment 
Value 


Mean 
Kidney Wt. 


+. 
Mg./Kg. 


Splenic Foam-Cell 
Reaction 


Inci- 


Mean 
Degree 


42624272 
3956+ 158 


31444175 


88 


+3.5 


1.7 
14 
0 
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TABLE 8 (Experiment 4).—Blood Lipids 


A. M. A. ARCHIVES OF PATHOLOGY 


Day 0 


4+18 


I. Cholesterol 
Il 441.8 


. Cholesterol plus low Manuronate 3 times 
weekly 


I. Cholesterol 
Il. Cholesterol plus low Manuronate 3 times 
weekly 


5848 
588 


A. Serum Turbidity, Klett Units 


B. Serum Cholesterol, Mg./100 Ml. Serum 


Day 60 Day 61 


2742.8 


2742.0 


Injections started 2142.0 


853+ 120 
981+35 


S49+86 
829441 


Injections started 


sented to the cells and the “pushing” force 
were high (high cholesterol intake and high 
Manuronate dosage combination); it was 
severely reduced in intensity when either the 
cholesterol load alone or the Manuronate 
dosage alone was reduced, and it disappeared 
when both factors were simultaneously re- 
duced—without loss of the antilipemic ac- 
tion of the drug. Since under the latter 
conditions cholesterol might be eliminated 
as fast as it entered the macrophages, the 
absence of an f. c. r. need not, of course, 
exclude the participation of reticuloendothe- 
lial elements in the task of lipemia clearing. 

It appears that the renal f. c. r. is more 
difficult to elicit than the splenic one and 
that, in addition to drug dosage and lipid 
load, it is partly determined by the preestab- 
lished lipemia level. Thus, the renal f. c. r. 
never appeared in any of three groups test- 
ing low dosages of Manuronate (Groups 
IV, II], and IT in Experiments 2, 3, and 4, 
respectively ); among the high-dosage studies 
it appeared in all three groups in which the 
preestablished blood-cholesterol level was 
1500 mg. per 100 cc. or more (Groups I 
and IL of Experiment 3 and Group IV of 
a previous investigation”), but it occurred 
variably at the 1000 mg. per 100 cc. level 
(Group III of Experiment 1 and Group I 
of Experiment 2). The finding of some 


TABLE 9 (Experiment 4).—Spleen and Kidney 


media necrosis in renal arteries of the ani- 
mals with the most prominent renal f. c. r. 
(Group I of Experiment 3) would be in 
line with the observed association between 
aortic media lesions and kidney damage.® 

It is of considerable interest that the 
f. c. r. proved completely reversible. Unlike 
the cholesterol trapped in aortic atheromata,® 
that deposited in the spleen under the in- 
fluence of high dosages of Manuronate dis- 
appeared entirely (along with the foam cells) 
within two months of the withdrawal of both 
the drug and dietary cholesterol. 

The results of this study provide an ex- 
perimental justification for clinical trials of 
low dosages of Manuronate (2.5 mg. per 
kilogram s. c.) in selected cases of lipemia 
and hypercholesterolemia. Since human 
blood cholesterol values rarely reach the dra- 
matically high levels produced by protracted 
high cholesterol intake in rabbits, it might 
be expected that within the ordinary range 
of clinical hypercholesterolemia (300 to 600 
mg. per 100 cc.), low dosages of Manuro- 
nate would attack the abnormal blood lipid 
pattern without eliciting any f. c. r. or other 
untoward side-effect. 


Summary 


Injections of Manuronate (Wyeth), an 
anticoagulant 


sulfated polymannuronide, 


Mean Body 
Mean = Splenic Foam-Cell Mean Renal Foam-Cell Wt. Change 
Splenic action Kidney Reaction uring 
Group Wt+te Treatment, 
Mg./Kg. Inci- Mean Mg./Kg. Inci- Mean % of Pre- 
dence, % Degree dence, % Degree treatment 
Value 
I. Cholesterol 560465 12 0.8 3061495 0 0 +9.4 
Il. = plus low Manuronate 3 times 634+66 25 0.5 3224+ 168 0 0 +7.2 
weekly 
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started in cholesterol-fed rabbits some time 
after the establishment of severe lipemia 
and carried on in the presence of a con- 
tinued high cholesterol intake, wiped out the 
serum lactescence, markedly reduced the ele- 
vated serum cholesterol, cholesterol-phos- 
pholipid (C:P) ratio, and total lipid values, 
and arrested the progress of aortic athero- 
sclerosis. Simultaneously this compound 
caused the accumulation of cholesterol and 
lipid-laden foam cells in the spleen, and it 
caused the appearance of lipophages in renal 
glomeruli (foam-cell reaction). 

In a further series of experiments, vari- 
ous dosage levels of Manuronate were given 
for several months to groups of animals 
with various degrees of preestablished lipe- 
mia, in the presence of various levels of 
continued high cholesterol intake. 

It was found that, when other factors 
were kept constant, the ensuing foam-cell 
reaction was proportional to (a) the dosage 
of Manuronate, (>) the lipid intake during 
treatment, and (c) the level of preestab- 
lished lipemia. Given at a low dosage to 
animals with an initial serum cholesterol] of 
300 to 700 mg. per 100 cc., Manuronate ex- 
erted a marked and sustained antilipemic 


Constantinides—S aunders 


effect without eliciting any foam-cell reaction 
or other untoward phenomenon. The marked 
foam-cell reaction which was produced with 
the high drug dosage and an initial choles- 
terol of 1700 to 2300 mg. per 100 cc. proved 
completely reversible following withdrawal 
of both the drug and cholesterol feeding. 

The significance of these findings in rela- 
tion to clinical trials of sulfated polymannu- 
ronides is discussed. 

This investigation was supported by the Life 
Insurance Medical Research Fund, New York. 
British 


University of Columbia 


Medicine. 


Faculty of 
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The purpose of this paper is to present a 
case of fatal hemorrhage resulting from 
rupture of a tuberculous false aneurysm of 
the aorta and to present a brief review of 
the literature. 


Submitted for publication Sept. 25, 1957. 

From the Institute of Pathology, the University 
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TABLE EI. *—Cases of Tuberculous « 


Rupture of a Tuberculous Aneurysm of the Aorta 


Review of the Literature and Report of a Case 


In 1933, Gellerstedt and Safwenberg col- 
lected 20 cases of tuberculous aortic aneu- 
rysms and added 1 case of their own.* In 
these 21 cases, 12 instances of rupture were 
reported. In Table 1 these cases are listed, 
with a short description of the aneurysm 

*The paper of Gellerstedt and Safwenberg is 


used as source material covering the period prior 
to 1933. 


Aortic Aneurysms to » 


Case t¢ Author Year Age Sex 


sion 


num 


1 Kamen 1895 24 M _séFalse aneurysm 4 cm. above aortic Chronic pulmonary & acute 
(2) valve, uced by direct extension miliary tu 
from a lymph node; rupture into 


pericardial cavity with tamponade 
2 Vanzetti ¢ 1908 on on False aneurysm of aortic arch pro- No details 
(6) duced by direct extension from 


paravertebral caseous mass; rupture 
occurred 


False aneurysm in 
(8) artery, 


Girardet False aneurysm 3 cm. above acrtic Chronic apical pulmonary; 
(9) valve, produced by direct exten- miliary in Jung, liver, kid- 
sion from caseous node; rupture ney, testis, & pancreas 
into trachea 


5 Edenhuizen 1915 34 M False aneurysm of aorta near origin No details 
(10) of subclavian artery, uced by 
direct extension from lymph node; 
rupture into esophagus 


6 Tozer > 1915 ‘i a False aneurysm of abdominal No details 
(11) aorta; rupture into duodenum 
7  Kornitzer 1920 17 M _séFalse aneurysm 4cm. above aortic Miliary in lung & kidney 
(12) valve; uced by direct extension 
from a lymph node; rupture 
8 von Zalka 1924 29 M False aneurysm of sinus of es Early pulmonary 
(16) (Case 2) mine by direct extension fro: 
ph node; rupture into peter 
don with tamponade 
1925 34 M _— True aneurysm in area of celiac Tuberculosis infection of ab- 
(17) (Case 1) artery, associated with false aneu- dominal and thoracic organs 
rysm; produced by direct extension and epididymis 
from lymph node; rupture into 
perito: cavity 
Rosenthal 1930 82 F False aneurysm of aortic arch; pro- Miliary in lungs 
(19) duced by direct extension from cas- 
eous le; rupture into trachea 
11 Clerici Bogazzi 1932 70 M False aneurysm of abdominal aorta; Cavernous pulmo: tuber- 
(20) pean by direct extension from _culous involvement of lumbar 
ymph node; rupture into duode- vertebrae 


12 Gellerstedt & 1933 16 M False aneurysm 1 cm. proximalto Miliary involvement of kid- 
(21) S&ifwenberg left renal artery; produced by direct ney and vertebrae L-4 and L-5 
extension from lymph node; bleed- with a cold abscess 
ing during surgery with resulting 


death 


Associated 
Aneurysm Tuberculous Lesions 


mofceliac Chronic pulmonary; miliary 
produced by direct exten- tubercles in liver & spleen 
from lymph node, rupture 


* From Gellerstedt and S&fwenberg. 
+ Number in parentheses is case number used by Gellerstedt. 
t Taken by Gellerstedt from abstracts. 
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TasBLe 2.—Cases of Tuberculous Aortic Aneurysm Since 1933 * 


Associated 
Author Year Aneurysm Tuberculous Lesions 


Owens & Bass 1944 y False aneurysm cephalad to celiac Miliary tuberculosis 
axis; produced by a hematogenous 
infection via vasa vasorum; rupture 
occurred; acid-fast positive; athero- 
sclerosis 


Scott et al. False aneurysm immediately Bilateral chronic apical pul- 
cephalad to celiac axis; produced by monary tuberculosis; mil 
direct extension from lymph node; _—_ spread in liver & spleen; lym- 
rupture into stomach; acid-fast nega- phadenitis 
tive; no mention of atherosclerosis 


Brooks & Dawsen False aneurysm of descending Bilateral apical pulmonary 
aorta; produced by hematogenous fibrocaseous tuberculosis 
infection; rupture into esophagus; 
acid-fast positive; no mention of 
atherosclerosis 


Bagnuolo & Bennett False aneurysm of thoracic aorta; Generalized miliary 
uced by direct extension from 
ymph node; rupture into right 
lower lung & esophagus; no acid- 
fast report; no mention of 
atherosclerosis 


Froehlich r False aneurysm of thoracic aorta; Bilateral pulmonary tubercu- 
oduced by direct extension from _ losis with cavitation on left 
ymph node; rupture into esophagus; 
no acid-fast report; atherosclerosis 


Herndon et al. False aneurysm over aortic bifur- Miliary pulmonary tubercu- 
ation; produced by direct exten- losis; prostatic involvement 
sion from surrounding tissue; bleed- 
ing from aneurysm during opera- 
tion; acid-fast positive; athero- 
sclerosis 


Sandrock et al. 52 False aneurysm over bifurcation of Advanced pulmonary tuber- 
aorta; produced by direct extension culosis with bilate cavita- 
from lymph node; rupture into first tion; peritonitis; tubercles in 
part of jejunum; no acid-fast liver, spleen, & kidney 
report; atherosclerosis 


Malagoni False aneurysm at level of Ist inter- Limited a we miliary 


costal artery; produced by direct lesions; lymphadenitis of me- 
extension from tuberculous pleuritis; senteric F periaortic nodes 
rupture into left lung; no mention 
of atherosclerosis; no acid-fast report 


Simpson & Grobbelaar Rupture of thoracic aorta into para- Miliary tuberculosis; involve- 
vertebral muscles with aneurysm ment of vertebra T-12 
formation; produced by direct ex- 
tension from contiguous tissue; rup- 
ture into left pleural cavity; acid- 
fast pestines no mention of athero- 

ros! 


Rothfeld et al. 5 False aneurysm 3 cm. above bifur- Tubercles in liver & spleen; 
cation; produced by direct exten- left nephrectomy 3 yr. previ- 
sion from contiguous tissue; rupture ously because of tuberculosis 
into duodenum; acid-fast positive; 
no mention of atherosclerosis 


German & Green False aneurysm 1 cm. below renal Left apical pulmonary; tuber - 
artery; produced by direct exten- cles in liver, spleen, lett epi- 
sion from lymph node; retroperineal didymis; lymphadenitis 
rupture; acid-fast = no 
extensive atherosclerosis 


Wettland & Scott False aneurysm of thoracic aorta; Primary pulmonary tubercu- 
produced by extension fromlymph lous; paravertebral abscess at 
node; rupture into left lower lobe of T-5 
Jung; cultures acid-fast positive; 
minimal atherosclerosis 


Foley et al. - False aneurysm of noncoronary Pulmonary; scattered tuber- 
aortic sinus; produced by direct ex- cles in liver; hematogenous in- 
tension from tuberculous pericar- fection of pericardium 
ditis; cultures of pericardium posi- 
tive; rupture during surgery 


False aneurysm of aorta at level of Tuberculosis of left kidney; 
inferior mesenteric artery; = lymphadenitis 

duced by direct extension from 

lymph node; rupture occurred; acid- 

fast positive; atherosclerosis 


False aneurysm 2 cm. ximal to Primary complex; acute gen- 
aortic bifurcation; produced by eralized miliary iubsreulsets; 
direct extension from lymph node; bony involvement of L-4 & 
rupture into peritoneal cavity; acid- L-5; cold abscess of left psoas 
fast pesitive; atherosclerosis muscle 


* Cases numbered in series with those of Table 1. 


Stiefel 


cum 

16 

507 


and the associated tuberculous lesions. In 
the remaining nine cases rupture was not 
reported; therefore, these cases are not in- 
cluded in Table 1.7 Although no mention 
of rupture was made in the second case of 
Dafoe, the sudden death of the patient sug- 
gests that the aneurysm may have ruptured. 
The case is, however, not included. 

Table 2 contains a list of 14 cases of 
ruptured tuberculous aortic aneurysms re- 
ported since 1933. The case to be presented 
here is included as the 15th one in Table 2. 
Included in Table 2 are the results of acid- 
fast stains for Mycobacterium tuberculosis, 
and mention is made of the presence of ath- 
erosclerosis. 

It is necessary to point out why certain 
cases have not been included in this series, 
which is limited to tuberculous aneurysms 
with rupture. Aside from the 21 cases of 
aneurysm collected by Gellerstedt, 8 cases 
of tuberculous rupture of the aorta, without 
aneurysm formation, were reported in the 
same paper. These were cases of Barety,t 
Soloman, Doehle (1907), Haban (1932), 
Schnyder (1918), von Zalka (1924), and 
Schmorl (two cases, 1902). Four additional 
cases of tuberculous aortic rupture without 
aneurysm formation have been reported : 

1. The case of Ferrabouc and Fauvert (1931)— 
an ulcerative tuberculous lesion of the esophagus 
eroded directly into the aorta without aneurysm 
formation. 

2. The case of Frosch and Horowitz (1944)— 
a caseous lymph node eroded into the lower one- 
third of the duodenum and into the aorta, forming 
a duodenoaortic fistula. 

3. The case of Zarowitz and Grayzel (1949)— 
a case of hematogenous tuberculous infection of 
the aorta with rupture into the third portion of 
the duodenum without aneurysm formation. 

4. The case of Ghosh (1954)—a case of mesen- 
teric adenitis in which a caseous lymph node 
eroded through the aortic wall and the duodenal 
wall. 

The cases of Somerville and Wishart 
(1948) have not been included in this listing. 
~ #Cases of Dittrich (1888), Hanau and Sigg 
(1896), Councilman and Mallory (1896), Lief- 
mann (1904), Ribbert (1914), Benda (1900), 
Lenoble (1922), and Datoe (Case 2, 1925). 

tBarety and Soloman quoted by Gellerstedt 
from Girardet (1914). 
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Their first case was that of a 22-year-old 
woman who had Pott’s disease involving 
the eighth thoracic vertebra. There was 
pathologic fracture of the eighth rib, with 
subsequent puncture of the aorta by the 
bone fragment. The second case was that 
of a 37-year-old man. An aneurysm which 
had ruptured into the left pleural cavity was 
found at autopsy. This case is not included 
because there is a definite question of a 
syphilitic etiology. 

In the case of Rob and Eastcott (1955), 
a tentative diagnosis of lymphadenitis with 
aneurysm formation was made. At operation 
a tuberculous aneurysm of the aorta was 
found and replaced by an Orlon prosthesis. 
The case has, therefore, not been included, 
since the aneurysm was discovered and suc- 
cessfully repaired before rupture occurred. 
This is the only case in which the diagnosis 
was made prior to death and treatment was 
carried out. 


Report of Case 


A 44-year-old obese Negro woman was admitted 
to the John Gaston Hospital, the teaching hospital 
of the University of Tennessee, on April 6, 1957, 
in an irrational state. The patient's sister-in-law 
acted as informant. 

The chief complaints were headache, back ache, 
stomach ache, irrationality, and severe lethargy. 

The acute phase of her illness began nine days 
prior to admission, when she began to complain 
of anorexia and progressive lethargy. The family 
noticed that the patient was intermittently irra- 
tional, with increasingly shorter lucid intervals 
until the time of admission. About six days prior 
to admission the patient suffered from severe ab- 
dominal cramping pains. 

The history of her illness dates back one vear 
before her admission, at which time she quit her 
work as a cook because of pains in her right knee, 
right wrist, and right shoulder. These pains were de- 
scribed as feeling as if “pins were being driven in 
the bones and joints.” There was no swelling, 
redness, or limitation of motion in the affected 
joints, although she complained of early-morning 
stiffness which decreased with motion. Other com- 
plaints reported include severe headache (for which 
she took one box of acetylsalicylic acid tablets per 
day), weight loss of 75 lb. progressive loss of 
visual acuity, paroxysmal nocturnal dyspnea, two- 
pillow orthopnea, and some exertional dyspnea. 
She also suffered from hypertension, for which 
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she was treated by a local physician, night sweats, 
intermittent fever of undetermined degree, noc- 
turia (two times), occasionally dysuria, and low 
back pain. The patient’s habits included use of 
tobacco and alcohol. 

Upon admission physical examination revealed 
her pulse rate to be 140 per minute; blood pres- 
sure, 112/80 millimeters of mercury; respirations, 
30 per minute, and temperature, 99 F. In general 
she was a well-developed obese Negro woman, 
disoriented but in no pain. 

Examination of the optic fundi revealed a Grade 
III retinopathy (Keith-Wagner). The lips and 
oral mucosa were dry, and an area of leukoplakia 
was noted on the buccal mucosa opposite the right 
third molar. The neck was supple. Squeaking rales 
were heard throughout both lung fields. The apex 
beat was identified 2 cm. lateral to the midclavicular 
line in the fourth intercostal space. 

The abdomen was markedly distended, and a 
questionable fluid splash was present. There was 
generalized tenderness to deep palpation, and slight 
muscle guarding was present. 

The back was obese, straight, supple, and non- 
tender. 

Examination of the extremities revealed no evi- 
dence of inflammation, limitation of motion, or 
pain on passive motion. The deep tendon reflexes 
were hyperactive bilaterally, but no pathological re- 
flexes were elicited. 

Laboratory examination on admission revealed 
anemia, hematocrit of 27 vol.% and leukocytosis, 
with 10,500 white blood cells per cubic millimeter 
and a shift to the left (Schiller). 

Urine examination revealed Gram-positive diplo- 
cocci and rods in chains and Gram-negative rods. 
included a_ test 
with P. P. D. No. 1, which was negative; a histo- 
plasma skin test, which was 1+, and several nega- 
tive L. E.-cell preparations. Tests for urinary 
Bence Jones protein were negative, and agglutina- 
tions for. typhoid, tularemia, Proteus X19, and 
undulant fever were negative. 

Peritoneal aspiration was done, and a total of 
7 cc. grossly bloody fluid was withdrawn, ex- 
amination of which revealed no malignant cells or 
acid-fast bacilli. Repeated sputum examinations 
were negative for acid-fast bacilli. A postero- 
anterior film of the chest revealed a large calcified 
hilar lymph node and linear plate-like atelectasis, 
although no definite consolidation or infiltration 
were seen. 

The VDRL test was negative. 

Her treatment while in the hospital consisted of 
symptomatic and supportive measures. The patient 
died at 1:50 p. m. on April 12, 1957. 

Autopsy Findings—At autopsy the body was 
that of a well-developed well-nourished 
woman. 


Further laboratory examination 


Negro 


Shi c f el 


When the peritoneal cavity was opened, approxi- 
mately 1000 ml. of grossly bloody fluid escaped. 
An additional 500 ml. of grayish-red friable clot 
was found. All peritoneal surfaces were covered 
with a gray friable shaggy exudate, and there 
were numerous fibrous and_ fibrinous 
among the loops of bowel. 


adhesions 


After removal of the intestines, a 5 cm. mass 
overlying the aortic bifurcation was noted. This 
was an intraperitoneal current-jelly clot associated 
with a retroperitoneal hematoma in the adjacent 
area. Removal of this clot revealed a 1.0 cm. false 
aneurysm of the aorta situated 2 cm. proximal to 
the aortic bifurcation. The aneurysmal wall was 
composed of grayish-white fibrous tissue and 
caseous necrotic material. Adjacent to the left 
common iliac artery a caseous lymph node, which 
had eroded through the wall and intima of the 
vessel, was noted. Although no discrete lymph node 
could be demonstrated about the aortic lesion, it 
is felt that the mycotic aneurysm was produced by 
destruction spreading from an adjacent lymph 
node, as was the case seen in the iliac artery. 

The bodies of the fourth and fifth lumbar verte- 
brae were soft and necrotic. In the left psoas mus- 
cle a spindle-shaped cold abscess was noted. This 
abscess measured 10 cm. in greatest length and 
communicated with the vertebral lesion. 


Other gross findings include evidence of a healed 
primary tuberculous complex in the lungs and 
very few firm encapsulated nodules in the spleen 
and liver. 

On microscopic examination of the aorta, 
minimal atherosclerosis was noted. Sec- 


tions taken from the aneurysm confirmed the 
presence of a false aneurysm composed of 
fibrous tissue and granulation tissue. With- 
in and outside of the aneurysm sac were 
fragments of a laminated clot and masses of 
caseous material containing Langhans giant 


cells. Acid-fast bacilli were demonstrated 
with a Ziehl-Neelsen stain of the aortic aneu- 
rysm. No tissue characteristic of a lymph 
node was recognized. Sections of the left 
common iliac artery confirmed the presence 
of a tuberculous lymph node which had 
eroded through the entire wall and intima of 
the vessel. 

Sections from the fourth and fifth lumbar 
vertebrae revealed a typical caseous osteo- 
lytic lesion. Examination of the psoas 
muscle abscess revealed a picture character- 
istic of tuberculosis, and acid-fast bacilli 
were demonstrated. 
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Photograph of aneu- 
rysm and the organizing 
clot about the defect; re- 
duced about 45% from 
mag. X 10. 


Examination of other organs revealed 
acute caseating miliary tubercles in the 
spleen, kidney, liver, peritoneum, brain, 
broad ligament, Fallopian tubes, myocar- 
dium, right adrenal, and lungs. 

The pathogenesis of this case began when 
the patient contracted the typical primary 
tuberculous complex, consisting of sub- 
pleural tubercles and hilar lymphadenitis. 
From this lesion there was dissemination to 
the lower lumbar vertebrae, while the pri- 
mary complex went on to healing and com- 
plete calcification. The disease process, 
however, continued in the vertebrae and 
gave rise to an abscess in the left psoas 
muscle and to periaortic lymphadenitis. The 
miliary spread of the disease is believed to 
have arisen from the erosion of a tubercu- 
lous node into the iliac artery, creating a 
macroscopic focus of discharge of large 
numbers of bacilli into the blood stream.” 
A second tuberculous lymph node eroded 
into the aortic wall, producing a mycotic 
aneurysm. The initial rupture is believed 
to have coincided with the woman’s severe 
cramping abdominal pain six days prior to 
her hospital admission. She survived this 
episode, hence the antemortem clot found 
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Organ x ng Hema toma 


in and about the aneurysm. Survival for a 
number of days is not uncommon.)  Fi- 
nally, a second rupture, with ensuing fatal 
hemorrhage, occurred. 

In 1924, von Zalka discussed three meth- 
ods by which a tuberculous infection might 
invade the aorta: (1) hematogenous by way 
of the aortic blood stream, (2) hematogenous 
by way of the vasa vasorum, and (3) by 
direct extension from a neighboring focus 
of infection. 

It is interesting to note that only three 
cases of hematogenous infection have been 
reported: those of Zarowitz and Grayzel 
(without aneurysm formation, 1949), Owens 
and Bass (1944), and Brooks and Dawson 
(1949). Table 3 shows that the commonest 
focus from which tuberculous infection has 
extended into the aorta is a lymph node. 

Four cases of ruptured tuberculous aortic 
aneurysms have been associated with verte- 


TABLE 3.—Incidence of Infective Foci 


Infective Focus Cases, No. 
Lymph 18 
Unidentified 5 
1 
1 
25 
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bral involvement. These are the cases of 
Clerici Bogazzi (1932), Gellerstedt and 
Safwenberg (1933), Simpson and Grob- 
belaar (1955), and the present case. These 
aneurysms were produced by extension from 
contiguous tissues. 

In three of the four cases the lumbar 
vertebrae were involved and associated with 
an abdominal aneurysm. In the fourth case 
the 12th thoracic vertebra was involved in 
association with a thoracic aneurysm. Other 
instances of Pott’s disease in connection with 
rupture of the aorta without aneurysm for- 
mation have been reported. These include 
the first case of von Zalka (1924), the case 
of Schnyder (1918),§ and the first case of 
Somerville and Wishart (1948).!' 


Summary 


A review of the literature and a short 
survey of the 26 reported cases of ruptured 
tuberculous aortic aneurysms are presented. 

A case of ruptured tuberculous aortic 
aneurysm is presented. This is the 27th case 
of this type and the 4th case of this type to 
be associated with Pott’s disease of the spine. 


Dr. T. P. Cruthirds assisted with this autopsy, 
Dr. Walter E. Stiefel, of the Department of 
Romance Languages, University of Tennessee, 
translated the paper by Malagoni, and Miss Jane 
Valerie King helped with the secretarial work. 


Institute of Pathology, University of Tennessee, 
858 Madison Ave. (3). 


§ Cited by Gellerstedt.’ 

|| The papers of 
available at the time of this writing. They may or 
may not have some bearing on the subject dis- 
cussed. 


Talantov and Vrcelj were not 
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The Histochemical Demonstration of Hyaluronic Acid 


G. M. WINDRUM, M.B., D.Phil., M.C.P.A., Brisbane, Australia 


The ability to demonstrate hyaluronic 
acid in tissue sections is a matter concerning 
which there is a lack of agreement in the 
literature. Two well-known methods for 
the demonstration of mucopolysaccharides 
have been used for this purpose, namely, 
the metachromatic staining reaction and the 
periodic acid-Schiff (P. A. S.) reaction. 

Meyer (1947) stated that hyaluronic acid 
in a concentration of 1% would show a 
metachromatic reaction with toluidine blue 
but considered that “the concentration 
present in tissues is probably never high 
enough to contribute to the metachromatic 
staining.” 

Wislocki, Bunting, and Dempsey (1947), 
Altshuler and Angevine (1949), Asboe- 
Hansen (1950), and Pearse (1953) have all 
stated that hyaluronic acid can be demon- 
strated in tissue sections by the metachro- 
matic staining reaction. However, Sylvén 
and Malmgren (1952) concluded after an 
intensive study that hyaluronic acid 
constituted a borderline case between 
metachromatic and nonmetachromatic muco- 
polysaccharides. They therefore stressed 
the difficulties imposed by the largely un- 
known factors of linkages between hyal- 
uronic acid and other tissue components, 
the degree of polymerization, and the 
presence of other metachromatic material 
when any attempt is made to assess the reac- 
tions of hyaluronic acid and hyaluronates 
in tissues. Davies (1943, 1952) stated 
categorically that hyaluronic acid does not 
stain metachromatically. Persson (1953) 
considered that approximately 10 times the 
concentration of material was necessary to 
give a metachromatic reaction in the case 
of hyaluronic acid than was necessary with 
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a comparable sulfated mucopolysaccharide 
and that the degree of polymerization of 
the acidic mucopolysaccharides ex- 
pressed by their relative viscosities) did not 
justify any prediction as to their metachro- 
matic potency. 

There are similar differences of opinion 
as to whether hyaluronic acid can be demon- 
strated by the P. A. S. reaction or not. 
Hotchkiss (1948) stated that the reaction 
was very strong with hyaluronic acid, but 
Davies (1952) and Glegg, Clermont, and 
Leblond (1952) reported that sulfur-free 
preparations of hyaluronic acid gave no 
reaction. Pearse (1953) includes hyaluronic 
acid in his list of P. A. S.-positive materials 
in tissue sections. 

In 1946, Hale described a method for 
hyaluronic acid and other acidic mucopoly- 
saccharides in which colloidal ferric hy- 
droxide is linked to the acidic groups of the 
mucopolysaccharide; the absorbed iron is 
demonstrated as Prussian blue by treatment 
with hydrochloric acid and potassium ferro- 
cyanide. According to Hale (1946), the 
iron does not combine with proteins or 
neutral polysaccharides, but Lillie and 
Mowry (1949) and Pearse (1951) have 
shown that the binding of iron is not limited 
to acidic mucopolysaccharides, and Davies 
(1952), Gomori (1952), Persson (1953) 
and Braden (1955) consider that the 
method is not specific. 

It seemed that hyaluronic acid might be 
demonstrable by the sulfation-metachromasia 
reaction (Kramer and Windrum, 1953, 
1954). To test this, some studies have been 
carried out on the staining of vitreous 
humor as a source of native hyaluronic 
acid. The eye is a convenient organ in which 
to study the histochemical reactions of car- 
bohydrate-containing complexes. In addi- 
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tion to the vitreous humor, which contains 
no demonstrable ester sulfate (Meyer, 
1950), there are complexes of acidic muco- 
polysaccharides in the cornea (Woodin, 
1952), conjunctival mucous cells, mast cells, 
and ground substance about the vessels and 
the optic nerve. The lens capsule contains 
at least 10% carbohydrate (Pirie, 1951), 
and the vitreous residual protein contains 
appreciable amounts of carbohydrate (Pirie, 


Schmidt, and Waters, 1948; Young and 
Williams, 1954). 


Material and Methods 


Fresh eyes removed from rabbits of various 
ages which had been killed by pentobarbital (Nem- 
butal) anesthesia were used. 

Smears of fresh vitreous humor from 6-week- 
old rabbits were made on clean glass slides and 
dried in an incubator at 37 C for two hours. 
The dried smears were fixed in absolute alcohol, 
Carnoy’s, formol-saline, Zenker-acetic, or Bouin’s 
fixatives for five hours. They were briefly rinsed 
in absolute alcohol and redried in the incubator 
at 37 C prior to staining by the normal meta- 
chromatic reaction (Kramer and Windrum, 1955), 
P. A. S. test (McManus, 1948, first reference) and 
sulfation-metachromasia reaction (Method 2 of 
Kramer and Windrum, 1954). 

A 6-week-old rabbit eye was fixed in Carnoy’s 
fluid, and another, in formol-saline for 12 hours; 
paraffin sections were prepared and stained 
similarly to the vitreous smears. Some _ lenses 
from rabbits were similarly treated, as were a 
number of whole eyes from rabbits of various 
ages, including fetal eyes. 

Some deparaffinized sections were incubated in 
testicular hyaluronidase (Rondase, Evans), 100 
mg. in borate buffer pH 6.8 for 12 hours, prior to 
staining. Control sections were incubated in the 
buffer alone and in a_ heated 
enzyme preparation. 


solution of the 


Results 


Staining of the fixed smears by the normal 
metachromatic method showed some areas 
of alcohol-fast metachromasia where the 
smear was thick but only faint ortho- 
chromatic staining where the smears were 
thin. The P. A. S. reaction gave a faint 
pink coloration without any areas showing a 
strongly positive reaction. The sulfation- 
metachromasia reaction gave a pronounced 
red coloration of the whole smear. 
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With the sections from the fixed eyes, the 
normal metachromatic staining reaction 
showed only a faint orthochromatic staining 
of the vitreous, while there was metachro- 
matic staining of the corneal ground sub- 
stance, mast cells in the iris, mucous cells 
of the conjunctiva, and some material in the 
walls of blood vessels and the sheath of the 
optic nerve. The P. A. S. reaction showed 
a faint pink color in the vitreous, a moderate 
reaction in the corneal ground substance, and 
a bright red reaction of the lens capsule, 
ciliary fibers, and conjunctival mucous cells. 

The sulfation-metachromasia reaction 
showed an obvious metachromasia in the 
vitreous and in the stroma of the iris. The 
lens capsule and ciliary fibers were bright 
red. The normal metachromasia of the 
cornea, mast-cell granules, and blood vessel 
walls was not significantly altered; that of 
the conjunctival mucous cells was increased 
somewhat. There did not appear to be any 
significant difference between the eyes fixed 
in Carnoy and those fixed in formol-saline, 
though Hale (1946) has said that aqueous 
fixatives should not be used if it is wished 
to preserve hyaluronic acid. Pearse (1953) 
considers formalin an adequate fixative for 
mucopolysaccharides. No special precautions 
were taken to preserve the material during 
the preparation of these sections. 

The Table shows the reactions of the 
principle carbohydrate components in the 
sections. 

In the eye sections incubated in testicular 
hyaluronidase prior to staining, the normal 
metachromasia remained in the corneal 
ground substance, mast-cell granules, and 
conjunctival mucous cells, but the normal 
metachromasia previously seen in the walls 


Reactions of Principal Carbohydrate Compounds 
in the Sections 


Normal Sulfation- 

Section P.A.S. Metachromasia Metachromasia 

Corneal ground Moderate Metachromatic Metachromatic 
substance positive 

Lens capsule Strong Orthochromatic Metachromatic 
positive 

Ciliary fibers Orthochromatic Metachroma‘ic 
positive 

Iris stroma Negative Orthochromatic Metachromatic 

Vitreous Negative Orthochromatic Metachromatic 
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of blood vessels and the optic nerve sheath 
was lost. Woodin (1952) has isolated a 
number of sulfated mucopolysaccharides 
from cornea which are not hydrolyzed by 
hyaluronidases. Wislocki, Bunting, and 
Dempsey (1947) have recorded that the 
metachromasia of cornea is not removed 
by digestion with hyaluronidase. With the 
sulfation-metachromasia reaction, the cor- 
neal ground substance, mast-cell granules, 
conjunctival mucous cells, lens capsule, and 
ciliary fibers retained their positive reaction 
in spite of the hyaluronidase digestion, but 
the reaction of the stroma of the iris was 
reduced considerably, as was that of the 
vitreous. The control sections treated with 
heated enzyme solution and buffer prior to 
staining also showed a slight loss of reactive 
material in these two sites but not nearly as 
great a reduction as in the enzyme-digested 
sections. Examination of the enzyme-di- 
gested slides showed that the remaining 
sulfation-metachromasia-positive material in 
the vitreous was present in fibrillar form. 
This suggested that this may be due to a 
reaction of the residual protein. Examina- 
tion of the eyes of rabbits less than 10 days 
old and fetal eyes showed that the vitreous 
gave a positive reaction to the sulfation- 
metachromasia reaction, although Bembridge 
and Pirie (1951) have shown that hyal- 
uronic acid does not appear in rabbit eyes 
until 10 days after birth. These results 
suggested that the residual protein contained 
carbohydrate which could not be removed 
by hyaluronidase but which was capable of 
giving a positive sulfation-metachromasia re- 
action. Pirie, Schmidt, and Waters (1948) 
found that the residual material after re- 
moval of all hyaluronic acid from ox 
vitreous contained 3% to 7% carbohydrate, 
and Young and Williams (1954) reported 
that the residual protein after incubation of 
ox vitreous in hyaluronidase contained 4.3% 
carbohydrate, though no hexosamine was 
detected. This would indicate that the carbo- 
hydrate value was not due to a hyaluronic 
acid-protein complex but to a different 
type of glycoprotein complex. The fact 
that a positive sulfation-metachromasia re- 


Windrum 


action can be obtained in vitreous sections 
from eyes at an age before that at which 
hyaluronic acid can be detected biochemically 
also suggests that a glycoprotein complex 
is present even at this early stage in develop- 
ment. The protein component of this com- 
plex would appear to be of a collagen type, 
since Pirie, Schmidt, and Waters (1948) 
have shown that it is dissolved by a specific 
collagenase. 

No attempt was made to determine quan- 
titatively the amount of hyaluronic acid 
present in the vitreous smears, but it seems 
that one may deduce that hyaluronic acid 
from this source is only faintly P. A. S.- 
reactive, is very reactive to the sulfation- 
metachromasia reaction, and may show some 
normal metachromasia if the local concentra- 
tion be high enough. 


The study of the eye sections showed that 
though hyaluronic acid may not be present 
in sufficient concentration to be normally 


metachromatic or P, A. S.-positive it may 
still be present in sufficient quantity to be 
demonstrated by the  sulfation-metachro- 
masia reaction. The best demonstration was 
given by the chlorosulfonic acid-pyridine 
method (Method 2 of Kramer and 
Windrum, 1954). 


Comment 


The normal metachromatic staining reac- 
tion has been the subject of much discussion 
(Kramer and Windrum, 1955; Schubert 
and Hamerman, 1956). With the standardi- 
zation of the technique to be used and use 
of adequate dyes, the problem of the reac- 
tivity of various substances depends upon 
knowledge of their concentration in tissue 
sections and their state of binding or associa- 
tion with other tissue elements. 

Detailed investigation has been made of 
the P. A. S. reaction. The chemical basis 
of this (Malaprade, 1934) is that periodic 
acid will produce an oxidative cleavage of 
1:2 glycol groups to produce two aldehyde 
groups. The aldehyde groups can then be 
demonstrated by their ability to produce a 
color with Schiff’s reagent. Nicolet and 
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Shinn (1939) demonstrated that aldehyde 
can be produced by periodic acid from 1:2 
glycols even if one hydroxyl group be sub- 
stituted by an amino group, as in the amino 
acids serine, threonine, and hydroxyproline. 
However, since the necessary linkages are 
not free in the combined amino acids of 
tissue proteins and as the free amino acids 
are water-soluble, positive reactions are not 
likely to be produced in histological prepara- 
tions by these substances (McManus, 1948, 
first reference). 

The reaction was developed as a histo- 
chemical test by McManus (1946, 1948), 
Lillie (1947), and Hotchkiss (1948). Ac- 
cording to Hotchkiss (1948), the following 
requirements must be satisfied if a positive 
reaction is to be obtained: 

(a) Preservable material with the proper 
linkages must be present, i. e., 1:2 glycol 
groups or the equivalent amino or alkyl- 
amino derivative. 

(b) The R.CHO groups formed must 
not be soluble, i. e., the aldehyde groups 
must be attached to an insoluble substance. 

(c) The concentration of the final alde- 
hyde-fuchsin compound must reach a certain 
level in the section to be visible. 

Pearse (1953) lists hyaluronic acid as one 
of the positive materials in histological work, 
but many other workers, eg., Davies 
(1952) and Glegg, Clermont, and Leblond 
(1952), do not agree with this. The negative 
reaction of purified hyaluronic acid samples 
reported by these authors is in agreement 
with the findings of Meyer and Fellig 
(1950), Jeanloz (1950), and Blix (1951) 
that hyaluronic acid consumes only small 
amounts of periodic acid. Jeanloz (1950) 
suggested that the glucosidic linkages of 
hyaluronic acid are of 1:3 type, and thus 
reactive glycol groups for periodic acid 
oxidation would not be available. According 
to Meyer and Fellig (1950), periodic acid 
attacks only the end-groups of the long- 
chain structure of hyaluronic acid, but Blix 
(1951) considered the periodic acid con- 
sumption to be too large to be explained on 
this basis and suggested that hyaluronic acid 
may possess alternating 1:3 and 1:4 linkages 
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or an irregular structure varying with 
hyaluronic acids of different origins. Pers- 
son (1953), in reviewing the histochemical 
implications of these workers and investigat- 
ing the reaction of various samples of 
hyaluronic acid, concluded that highly poly- 
merized hyaluronic acids are hardly demon- 
strable by the P. A, S. reaction but that 
depolymerization, by increasing accessible 
1:2 glycol groups, might increase this reac- 
tivity somewhat. 

The results of the present investigation 
into the hyaluronic acid of rabbit vitreous 
suggest that it does not give a significant 
reaction with the P. A. S. test and that it is 
not normally metachromatic in the concen- 
trations encountered in tissue sections. It 
would appear that the nature of the glycol 
linkages may not be suitable for periodic 
oxidation to aldehyde, or the reaction may 
be too slow, or the final aldehydes may be in 
insufficient concentration to give a color with 
the Schiff’s reagent. Similarly the relative 
concentration of free carboxylic groups may 
not be high enough to induce normal meta- 
chromasia. However, Walton (1954) has 
shown that the metachromatic activity of 
acidic polysaccharides is determined by the 
presence and nature of their acidic groups 
and not by their degree of polymerization. 
Hence, if carbohydrate groups are available 
that can be sulfated (and this is probably 
largely independent of the configuration of 
the polysaccharide), then these groups may 
be demonstrable by the sulfation-metachro- 
masia reaction. Some slight depolymerization 
may be caused by the acidic nature of the 
reagents used, but this would be of relatively 
minor importance (Persson, 1953; Walton, 
1954). It would seem that sulfation may 
therefore demonstrate groups of mucopoly- 
saccharides and mucoproteins that are not 
adequately shown by either the normal meta- 
chromasia or P. A. S, tests, and hyaluronic 
acid would appear to be one of these. 


Summary 


Some carbohydrate-containing complexes, 
such as lens capsule, may be demonstrated 
by both the periodic acid-Schiff (P. A. S.) 
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reaction and the sulfation-metachromasia re- 
action. 

Other carbohydrate complexes, e.g., 
hyaluronic acid, may be negative to the 
P. A. S. reaction but positive to the sulfa- 
tion-metachromasia reaction. 


The low chromotrope potency of hya- 
luronic acid in tissue sections can be greatly 
increased by sulfation prior to staining 
with a metachromatic dye. 


Department of Pathology, Brisbane Hospital. 
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Aortic Elastic Tissue 


Various techniques for the isolation and 
characterization of elastic tissue have been 
proposed since Eulenberg, as quoted by 
Schultze,’® first discovered in 1836 that 
gelatin could be obtained from the media of 
arteries by treatment with boiling water. 
The basic principle in all was to dissolve 
elements of connective tissue, with the ex- 
ception of the more inert elastica. Collagen, 
the most resistant element, was removed by 
being converted to water-soluble gelatin 
with heat. Hot water alone was advocated 
by Vandegrift and Gies,”* Stein and Miller 
(first method) ,*! and Kenten,! 
Neuman and Logan,®® Neuman (first meth- 
od),5 and Partridge et al.'“' Hot dilute 
acetic acid was first suggested by Tilanus, 
in 1844, and has since been used by Miller, 
Horbaczewski (Tilanus, Miiller, and Hor- 
bacewski cited by Richards ®*), Chittenden 
and Hart,!® Richards and Gies,** Gross,™* 
Hall et al.,2**" Banga et al..27* and Bowen.” 
Hot dilute alkali, suggested by Miiller, in 
1861, and discarded by Chittenden and 
Hart, in 1887, as being destructive of the 
elastic tissue, was readvocated by Schwarz, 
Schepilewsky,® Lowry et al.” Lansing et 
and Banga et al.?* 
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Isolation with Use of Formic Acid and Discussion of Some of Its Properties 


JOHN P. AYER, M.D.; GEORGE M. HASS, M.D., and DELBERT E. PHILPOTT, M.S., Boston 


In 1942, Hass proposed the use of con- 
centrated formic acid for the isolation of 
aortic elastic tissue.** This followed the 
studies by Loiseleur, who found that an- 
hydrous formic acid had a selective solvat- 
ing action upon various proteins.*"*" It 
differs thus from other methods by being 
effective without the presence of water. 
Many morphological, physiological, and 
chemical properties of elastic tissue have 
resulted from studies of whole aorta and 
ligamentum nuchae and purified elastica 
isolated from them by the various meth- 

In the present study it is intended to 
proceed with the critical evaluation, insti- 
gated by Hass, of the effect of concentrated 
warm formic acid upon whole aorta, expand- 
ing upon and clarifying any distinctive 
properties of elastic tissue revealed by the 
procedure. The plan is subdivided into two 
main parts: the attempt to prove (1) that 
elements other than elastic tissue are re- 
moved by the use of the acid and (2) that 
the purified elastin thus obtained is not sig- 
nificantly altered from the original elastic 
tissue. The first part only is presented in 
this study. 


Isolation of Elastic Tissue from 
Whole Aorta 


General Methods 

The aortae of dogs are chosen for study be- 
cause of their convenient size and accessibility 
and because the canine vascular system has been 
well investigated by surgical research. 

Five tests to demonstrate the removal of elements 
other than elastic tissue from the aortic wall 
during exposure to warm concentrated formic acid 
are utilized: 

1. Morphological examination, including electron 
microscopy. 
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2. Determination of the rate of loss of weight. 

3. Determination of changes in mechanical 
elasticity (reversible extensibility). 

4. Determination of changes in chemical elastic- 
ity (reversible dimensional changes caused by 
formic acid). 

5. Determination of changes in thermal elasticity 
(reversible dimensional changes caused by changes 
in temperature). 


General Procedures 


Two hundred one similar rings are excised from 
the thoracic aortae, between the subclavian and the 
eighth intercostal arteries, of 18 qualitatively young 
healthy dogs. After removal of adventitial tissue 
by sharp dissection the rings have an average 
size of 0.7 cm. in diameter, 0.35 cm. in width, and 
0.1 cm. in thickness. They are divided into five 
groups for the serial application of the tests at 
regular intervals of time during their prolonged 
exposure to warm concentrated formic acid. The 
exposure is accomplished in the following manner. 
After being rinsed in distilled water the rings 
are blotted and placed individually in sealed glass 
vessels containing at least 1 ml. of 88% formic 
acid (Merck) for each 5.0 mg. of dry tissue. The 
vessels are maintained at a temperature of 
45+0.5 C in a constant temperature bath for 
regular periods of time. Whenever possible the 
same ring is used for multiple serial tests. Owing 
to irreversible alteration of the collagen and muscle 
caused by the tests this cannot be done in the 
early, or extractive phase, of exposure of the 
tissue to formic acid, adjacent rings being used 
instead. However, after the extractive phase of 
exposure to the acid no alteration of the tissue is 
found to be caused by multiple tests, and thus 
the same ring can be repeatedly treated and 
tested in a serial manner. 

In order to compare and contrast the effect of 
formic acid upon collagenous tissue, strips of 
Achilles tendon from the same dogs are tested in 
a similar way. These are obtained by separation 
of the tendon into its longitudinal components by 
blunt dissection along natural lines of cleavage. 
They have an average length of 2.5 cm. and 
diameter of 0.3 cm. 

Smooth muscle from the uterus, striated muscle 
from the hamstring muscles, and fat from sub- 
cutaneous depots are used to test qualitatively the 
effect of formic acid on muscular and fatty tissues. 


1. Morphological Examination, Including 
Electron Microscopy 


Methods 


Fifty-six rings of aorta are used for the 
morphological evaluation of the extractive effect 
of concentrated formic acid upon aortic tissue. 
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Seven rings are used for control study; the re- 
mainder are treated with 88% formic acid at 45 C 
for periods of time of 3, 6, 12, 24, 36, 72, and 
216 hours. At the end of each period a group of 
seven rings is removed from the acid and washed 
to neutrality with running tap water. In each group 
four rings are left unfixed. One is saved for 
electron microscopy; one is used for cutting cross 
sections ; one is opened for cutting sagittal sections ; 
the last is opened and pinned flat on a cork board 
in a state of 30% extension for cutting tangential 
sections. The remaining three rings in each group 
are fixed with 10% neutral formalin before cutting 
cross, tangential, and sagittal sections in the same 
manner used for the unfixed material. With the 
exception of the ring to be used for electron 
microscopy all specimens are rapidly dehydrated 
with ethyl alcohol, cleared, and embedded with 
paraffin. Sections are cut with thicknesses between 
lw and 6. They are stained with the following 
stains: hematoxylin and eosin, Verhoeff’s elastic- 
tissue stain with a Van Gieson counterstain, 
Mallory’s aniline blue-orange G connective-tissue 
stain, Kornhauser’s quad stain,“ Gomori’s alde- 
hyde-fuchsin stain™ and the Schiff stain with and 
without prior oxidation with periodic acid as 
described by McManus.™ 


Cross and longitudinal sections of Achilles 
tendon are handled in a manner identical to that 
used for aortic tissue. 

For purposes of electron microscopy the control 
ring and the unfixed rings exposed to formic acid 
for the varying periods of time are cut into two 
parts for fragmentation and dispersion with a 
microblender. One part is suspended in 3 ml. of 
Mcllvaine’s buffer (pH 5.6; gw 0.15); the other 
in 3 ml. of 88% formic acid at 25 C. It is found 
that it is impossible to disperse aorta in a manner 
suitable for electron microscopy, regardless of 
the suspending medium, until the time of its 
exposure to concentrated formic acid at 45 C 
amounts to 36 hours or more. After an exposure of 
36 hours, tissue suspended in buffer, when blended, 
breaks down into amorphous particles and debris 
too dense for electron microscopy, whereas tissue 
suspended in the formic acid results in excellent 
dispersion and separation of the fibrillar networks 
composing it. One drop of the latter suspension 
is applied to each of two glass slides. One of these 
is blotted and quickly air-dried; the other is 
neutralized by repeatedly adding and blotting away 
buffer followed by rinsing in water and drying 
in air. The remainder of the suspension in formic 
acid is centrifuged at 1000 rpm for five minutes 
to remove larger fragments. One drop of the 
supernate is applied to each of two glass slides 
and each of two nickel-plated collodion-coated 
electron microscopic screens. The drops on the 
glass slides are treated as before, one being dried 
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of formic acid and the other being neutralized by 
buffer before drying. The drops on the two electron 
microscopic screens are treated in identically the 
same manner except that 1% phosphotungstic 
acid is used to flood the films for one minute 
immediately before rinsing and drying. The screens 
are then shadowed with chromium at an angle of 
14 degrees and a depth of 10 A. and visualized 
with an RCA EMU-2 Electron Microscope. 


Results 


In tangential sections of whole untreated 
aorta the elastic tissue appears as broad, 
dark, fenestrated ribbons (Fig. 1). These 
are roughly parallel and have wavy distinct 
margins at right angles to the fiber axis. 
They occur on a separate plane from the 
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Fig. 1.—Tangential sec- 
tion of whole control 
canine aorta. Ribbons of 
elastic tissue caused by 
the plane of section pas- 
sing through the undulat- 
ing fenestrated lamellae 
contrast with collagen 
and smooth muscle. Ver- 
hoeff-Van Gieson stain; 
reduced 15% from mag. 
X 250. 


cells and stroma of the collagenous and 
muscular tissues, with only extremely fine 


fibrillar attachments to them. The ribbon- 
formation, caused by the plane of section 
passing through incompletely flattened un- 
dulations of lamellae, is found to be advan- 
tageous because it allows visualization of the 
latter at a variable thickness and an evalua- 
tion of their relationship to other elements 
in the aortic wall. In areas representing 
increased or full thickness of the lamellae 
the ribbons are composed of a refractile, 
heavily stained, nearly homogeneous, mem- 
branous matrix in which occur round to oval 
fenestrations varying between 8» and 26 
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Fig. 2.—Cross section 
of whole control canine 
aorta. The familiar un- 
dulating pattern of elastic 
tissue represents the cut 
edges of the lamellae 
seen in Figure 1. Ver- 
hoeff-Van Gieson stain: 
reduced 40% from mag. 


x 125. 


in diameter. Branching interconnected bands 
and fibers of elastic tissue bridge the gap 
between ribbons in several places, indicating 
their true continuity with each other as a 
single broad sheet. In areas representing 
decreased or partial thickness of lamellae 
the fenestrations are of larger size and more 
oval, with long axes running predominantly 
in a circumferential direction. 
outlining them occur bands 
of varying width. These 
fenestrations only to fuse 


Setween and 
of elastic tissue 
split about the 
again and join 
with neighboring bands to form even broader 
bands. In areas representing the thinnest 
material a longitudinal striation and even 
distinct formation of fibers surrounding 
smaller fenestrations is seen to occur within 
the bands. In the same areas many of the 
larger fenestrations are crossed irregularly 
by fine branching anastomotic fibers result- 
ing in subloculation. 

The relationship of collagen and muscle 
to the fenestrations is not clear. During 
staining of unfixed material under direct 
observation shrinkage of the broad lacework 
of the elastic lamellae occurs. The finely 
frayed margins of the ribbons are seen to 
lift from attachments with the underlying 
stroma, the ribbons themselves contracting 
to denser, narrower, and more evenly con- 
toured structures in which the finer inner 
meshworks of bands and fibers become fused 
and obscured. The 


fenestrations 


larger 
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diminish in size and assume rounder more 
clearly defined margins as the surrounding 
matrix becomes and more 
geneous. In some sections closely applied 
fine lamellae with long axes of fenestrations 
running obliquely or at right angles to cach 
other are seen. 


denser homo- 


Cross sections of aorta show the familiar 
concentric undulating lines of elastic tissue 
representing the cut edges of the lamellae 
(Fig. 2). These are separated by the cells 
and stroma of collagen and smooth muscle 
and are interconnected by oblique radial 
fibers. Careful of unfixed, 
weakly stained, extremely thin sections (less 


examination 


than 24) reveals defects and irregularities 
in the lamellar edges suggesting the points 
of separation and contact of the branching 
bands and fibers about the fenestrations seen 
in tangential sections. In addition it appears 
that each lamella is composed of multiple, 
closely applied, thinner sheets. The outer- 
most and innermost of these split away at 
irregular intervals around the circumference 
to fuse with contiguous lamellae, thus form- 
ing a lamellar syncytium. Sagittal sections 
of aorta show less undulation of the edges 
of elastic These, in weakly 
stained thin sections of unfixed material, 
have an ill-defined beaded appearance result- 
ing from visualization of the cut ends of 
bands and fibers of elastic tissue. 


lamellae. 
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big. 4.— Tangential sec- 
tion of purified elastica 
isolated with formic acid. 
All elements are stained 
purple without evidence 
of collagen, muscle, or 
cells. The broad lamellae 
are composed of band-like 
fibrillar aggregates of 
varying size, anastomos- 
ing about fenestrations 
of varying size. Ver- 
hoeff-Van Gieson stain; 
reduced 15% from mag. 
x 250. 


Ayer et al. 


Fig. 3.—Cross section 
of purified elastica iso- 
lated with formic acid. 
Collagen, muscle, and 
cells have dissolved, leav- 
ing only the  purple- 
stained elastic lamellae. 
These are slightly 
widened, revealing the 
suggestion of an inner 
laminar structure. Anas- 
tomotic connections be- 
tween lamellae are visible. 
The total thickness of 
the wall is reduced to 
about one-half that of 
whole aorta. Verhoeff- 
Van Gieson stain; re- 
duced 40% from mag. 
X 125. 
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Sections of whole aorta stained by the 
Method of McManus confirm the findings 
that elastic lamellae and fibers are sheathed 
by a thin film of reducing substance released 
only by previous oxidation with periodic 
acid.'¢.70 

Exposure of the aortic tissue to 88% 
formic acid at 45 C results in marked swell- 
ing, hyalinization, and loss of special stain- 
ing the and 
collagen within the initial period of three 
hours. The sheathing of elastic elements 


characteristics of muscle 


by reducing substance disappears between 
6 and 12 hours. All evidence of collagen, 


muscle, and cells vanishes between 18 and 


Fig. 6—Extremely thin 
lightly stained sagittal 
section of unfixed puri- 
fied elastica. That the 
fibrillar aggregates run 
predominantly in a cir- 
cumferential direction is 
determined by the beaded 
appearance of their cut 
ends in this plane of sec- 
tion. Gomorti’s aldehyde- 
fuchsin; reduced 40% 
from mag. X 500 
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Fig. 5.—Extremely thin 
lightly stained cross sec- 
tion of unfixed purified 
elastica. The inner 
laminated structure with- 
in the lamellae and their 
anastomotic interconnec- 
tions is demonstrated. 
Gomori’s aldehyde-fuch- 
sin; reduced 40% from 
mag. XX 500. 


24 hours, unveiling with greater clarity the 
structure of elastic tissue, which retains 
unaltered its special staining characteristics 
(Fig. 3). In tangential sections the ribbons 
of the purified elastic tissue are broader and 
in extensive areas are continuous, forming 
infinitely broad sheets (Fig. 4). The bands, 
fibers, and fenestrations remain funda- 
mentally the same as before exposure to 
formic acid, but finer subdivisions of a 
similar arrangement are now distinctly seen 
within them. In many areas extremely thin 
lamellae, with long axes of fenestrations 
running in different directions, appear to be 
closely applied to each other. In thin and 
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Fig. 7.—Blended 
pension of purified 
elastica, fully extended by 
concentrated formic acid. 
The fenestrated lamellae 
have fractured to form 
plates. These are com- 
posed of band-like fibril- 
lar aggregates of varying 
size, anastomosing about 
fenestrations of varying 
size. Thicker plates are 
more homogeneous. 
Gomori’s aldehyde-fuch- 
sin; reduced 40% from 
mag. X 125. 


sus- 


lightly stained cross sections of unfixed ex- 
tracted aorta the defects within the edges 
of lamellae caused by fenestrations and the 
occurrence of an inner laminated structure 
In thin and 
lightly stained sagittal sections of unfixed 
extracted aorta the lamellae appear predom- 


are now clearly seen (Tig. 5). 


inantly as rows of oval or round dots, 
representing the cross sections of bands and 
fibers (lig. 6). 

Corresponding to the loss of collagen and 
muscle the thickness of the aortic wall is 
reduced approximately 50% during an ex- 
posure to formic acid of between 24 and 36 


hours (Fig. 3). Vrolonged exposure of the 
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tissue to formic acid (216 hours) 
no detectable change in the elastic lamellae 
either morphologically or in their special 
staining characteristics. 

Control Achilles 
show that elastic tissue is extremely scanty, 
occurring only in the sheaths surrounding 
bundles of collagenous fibers, Exposure of 
the tendon to formic acid at 45 C for six 
hours results in a globular hyalin swelling 
of the tissue with shortening and a con- 
siderable loss of special staining qualities. 
The tendon, except for a tiny fraction of 
material from the sheath, completely dis- 
solves after an exposure to the acid of 18 
hours. 


causes 


studies upon tendon 


* 


Fig. &8—High power 
of Figure 7 to show that 
reproduction of the same 
basic arrangement of 
elastic tissue descends in 
scale to the limits of the 
light microscope. Go- 
mori’s aldehyde-fuchsin; 
reduced 40% from mag. 
650. 
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Fig. 9.—Blended 
pension of purified 
elastica neutralized with 
buffer on the slide. The 
plates have become con- 
tracted and more homo- 
geneous, and the finer 
fibrillar detail is obscured. 
The fenestrations are 
smaller, fewer, and more 
rounded. 


sus- 
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The blended uncentrifuged suspension 
prepared for electron microscopy yields in- 
teresting morphological detail when exam- 
ined with the ordinary microscope. In films 
dried of formic acid and stained with 
Gomori’s aldehyde-fuchsin stain there can 
be seen innumerable sharply contoured 
plates which represent fractured portions 
of the lamellae (Figs. 7 and 8). Within 
each plate occur oval fenestrations of var- 
iable size which are separated and delineated 
by branching anastomotic broad bands of 
elastic tissue. Within the thinnest bands can 
be seen a similar arrangement of smaller 
bands and fibers anastomosing about smal- 


ler and more elongate fenestrations to the 


limits of the light microscope. Many of the 
larger fenestrations are traversed by anas- 
tomosing branching fibers with resultant 
subloculation. These fibers fan outward at 
each end, unmasking finer, meshed fibrils 
which merge into the margins of the fenes- 
trations. The plates vary in thickness and 
appear to be composed of fused extremely 
fine laminae. The thinnest plates have rela- 
tively large fenestrations delineated by 
bands of elastic tissue having a distinct 
inner structure. Thicker plates appear to 
result from fusion of the finer laminae, par- 
ticularly when the long axes of the fibrillary 
component of the latter run at variant an- 
gles. They have smaller rounder fenestra- 


Fig. 10—Elastic 
lamella fully extended 
with formic acid after an 
exposure to the acid of 
300 hours. The bands 
have spread, revealing 
smaller bands and fibers 
anastomosing about 
smaller fenestrations to 
the limits of the light 
mircoscope. Gomori’s al- 
dehyde-fuchsin; reduced 
40% from mag. X 500. 
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tions separated by broader, denser, and more 
homogeneous bands of elastic tissue. In ad- 
dition to the plates the crude suspension 
contains frayed bands and fibers which ap- 
pear to have been torn from the edges of 
the plates. with 
frayed ends project from the surfaces of 


Numerous side-branches 
these, and a fine fibrillar meshwork is seen 
within them, particularly at their splayed 
ends, 

Neutralization causes shrinkage and in- 


creased density of the plates. The margins 
curl and become even more sharply defined 
(Fig. 9). The largest fenestrations become 


smaller, rounder, and more distinct. Sub- 


Fig. 12.—Centrifuged 
supernate of blended sus- 
pension of _ purified 
elastica fully extended by 
formic acid. The inner 
meshed fibrillar structure 
within the fibers, par- 
ticularly at their ex- 
panded ends and the ends 
of side-branches, is 
clearly seen. Gomori's al- 
dehyde-fuchsin; reduced 
40% from mag. * 330 
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Fig. 11—Same as 
Figure 10, but tissue has 
been three-quarters neu- 
tralized on the slide to 
demonstrate coacervation 
of the fibrillar elements 
and elimination of the 
finer fenestrations to 
form a more homogene- 
ous membranous matrix 
in which occur relatively 
few rounded discrete 
fenestrations. 


loculation within them disappears. The finer 
fenestrations become more elongate and 
eventually disappear. The elastic bands be- 
come denser, rounder, and more homogene- 
ous, with loss of visible inner structure. 

Prolonged exposure of the elastic tissue 
to formic acid causes progressive subdivi- 
sions into progressively finer anastomotic 
bands, and fibers anastamosing about pro- 
gressively finer fenestrations can be detected 
(Fig. 10). Neutralization of the acid at any 
stage of exposure results in contraction of 
the extended networks to the original pic- 
ture of neutral elastic tissue but with loss 
of staining density (Fig. 11). 
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Fig. 13.—Electron micrograph of the material 
in Figure 12, fully extended by formic acid. The 
arrangement of interconnected bands anastomosing 
about fenestrations descends in scale toward 
molecular proportions Phosphotungstic — acid, 
chromium-shadowed 


Stained films of the centrifuged supernate 
dried from formic acid are seen with the 
ordinary microscope to be composed almost 
entirely of the fibrillar elements torn from 
12). A 


distinct elongated fenestrated meshwork of 


the margins of the plates (Fig. 


fibrils can be seen within these, particularly 


at their ends and torn side-branches. Neu- 
tralization of this material causes the inner 
structure and fraying to disappear resulting 
in discrete dense homogeneous fibers. 

When dried films of the centrifuged su- 
pernatant suspension in acid are 
viewed with the electron microscope it is 


formic 


seen that the same structure of anastomotic 
branching flat bands of elastic tissue sur- 
rounding fenestrations occurs on an ever- 
decreasing scale to the limits of the electron 
microscope (Fig. 13). Neutralization of the 
suspension on the screens shows contraction 
of the flat meshworks to form more rounded 
ill-defined fibers composed of bundles of 
finer fibrils arranged much like braided 
rope (Fig. 14). No evidence of period is 
seen either in the neutralized fibers or in 
those extended by formic acid despite the 
stretching caused by rupture of the support- 
ing collodion film with the electron beam. 
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Fig. 14.—Electron micrograph of material in 
Figure 12, fully neutralized with buffer on the 
screen. The aggregates have condensed to more 
rounded bundles with a braided appearance and 
loss of finest fenestrations. Phosphotungstic acid, 
chromium-shadowed 


Also no definite unit of fiber size is seen 
within the range of resolution of the elec- 
tron microscope. 

Comment 

That the aortic elastic tissue is arranged 
fenestrated 
membranes or lamellae is not a new concept 


as interconnected concentric 
but should be reemphasized because mor- 
phologists seldom view tangential sections of 
Formic acid, by removing the 
compressive restraint of other materials in 
the of the 
elastic fibrillar laceworks, thus affording 
inner structure. That 
lamellae have a finer laminar structure is 
suggested by the illustrations of Smith et 
al.7° and Churchill et al.2® In the present 
study it appears that fenestrated lamellae 
multiple fused finer 
laminae, some running with long axes in 
different directions without order. In the 
tangential plane broad bands of elastic tissue 
split and rejoin about fenestrations in an 
anastomotic manner. In the same areas lat- 
eral anastomotic interconnections with neigh- 
boring bands occur. This splitting and 
rejoining of portions of the bands also occurs 
in the third dimension, resulting in a tight 


aortic wall, allows relaxation 


visualization of an 


are composed of 
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fusion of multiple laminae to form a 
lamella. The latter process, modified by the 
presence of collagen and muscle, apparently 
also occurs between concentrically contigu- 
ous lamellae. The result is a vast laminar 
syncitium with condensations at regular con- 
centric intervals to form definitive lamellae. 
It is assumed that interconnecting mem- 
branes between definitive lamellae are 
modified by broadening of the fenestrations 
so that collagen and smooth muscle can pass 
through them. This is supported by finding 
portions of lamellae in which the fenestra- 
tions are considerably broader and the bands 
narrower and more fibrillar than in the 
majority. 

That an inner fibrillar structure occurs 
within the fibers of elastic tissue has been 
shown by Wolpers,*® Gross,** Lansing et 
al.47 Schwarz and Dettmer,®® Hall et al.,*" 
and Keech et al.** With the extension caused 
by formic acid this structure can be more 
clearly visualized. Within larger anastomotic 
bands of elastic tissue, particularly in their 
branching expanded portions, can be seen 
narrower bands and fibers anastomosing 
about smaller fenestrations to the limits of 
the electron microscope. Neutralization of 
the acid causes recontraction of the fibrillar 
meshworks, with obliteration of smaller 


fenestrations and restoration of the original 
histological picture of broad dense homo- 
geneous or longitudinally striated bands of 
elastic tissue surrounding relatively few 
distinct rounded fenestrations. 


2. Determination of the Rate of Loss of Weight 


Methods 


Eighteen rings from 12 canine aortae are frozen 
(gradually to prevent cracking) and then desic- 
cated to constant dry weight by modified lyophili- 
zation at a negative pressure of 10° mm. of 
mercury (96 hours). After they are weighed, the 
rings are separately in 88% formic 
acid at 45 C for six hours in the manner already 
described. This is followed by repeated washing 
with formic acid and then with distilled water to 
neutrality. freezing, desiccation, 
and weighing to constant weight is then repeated. 
Alternate exposure of the rings to formic acid 
and recording of the changes in their weight are 


immersed 


The process of 
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carried out at regular intervals of time until the 
time of complete solution of the tissue. The 
results are plotted as the mean residual weight of 
the aortic rings, expressed as percentage of the 
original weight, remaining after increasing time 
of exposure to 88% formic acid at 45 C. 

To test the effects of altering the concentration 
of formic acid, altering the temperature of 88% 
formic acid, and previous denaturation of the 
aorta, 18 rings are treated in essentially the same 
manner but with the following variations in tech- 
nique. 

A. Two rings each are tested with use of con- 
centrations of formic acid of 22%, 44%, and 
98% instead of the standard concentration of 88%. 

B. Two rings each are tested with use of 88% 
formic acid at 4 C, 22 C, 70 C, and 100 C. 

C. Two fixed with 10% neutral 
formalin for 48 hours, and two rings are treated 
successively with alcohol and ether and dried at 
110 C, according to the method of Hass,“ before 
exposure of all to 88% formic acid at 45 C. 

For purposes of control, the rate of solution of 
collagenous tissue by 88% formic acid at 45 C is 
determined by measuring the loss of dry weight 
of 12 strips of Achilles tendon obtained from the 
same 12 dogs from which the aortic rings are 
derived. The results are plotted in the same way 
as for aortic tissue. Specimens of canine smooth 
muscle and striated muscle and fat are exposed to 
formic acid and examined qualitatively at periodic 
intervals of time of one hour. 


Results 

Curves representing the loss of dry weight 
of aortic rings during their exposure to 
88% formic acid at 45 C indicate a very 


rings are 


Fig. 15.—Comparison of the loss of weight of 
canine aorta and Achilles tendon during prolonged 
exposure to formic acid. The abrupt change in 
the curve representing loss of weight of aorta 
corresponds with the solution of collagen in 
Achilles tendon. Maxima and minima correspond 
in general, with rings containing less and more 
collagen, respectively, as in rings from proximal 
and distal locations in the animal or in young and 
old animals, respectively. 
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rapid loss during the first 36 hours (lig. 
15). This amounts to a mean loss of 62.9%, 
corresponding with a residual aortic weight 
of 37.1°. 


weights of 41.56 and 30.8 occur in rings 


Maximal and minimal residual 


having original positions in the animal of 
proximal and distal, respectively. After the 
rapid loss in weight during the initial 36 
hours (extractive phase), the loss abruptly 
beomes gradual and nearly constant until 
the time of complete solution of the tissue, 
between 396 and 504 hours, or a mean of 
436 hours. The average loss in a 24-hour 
period after the initial exposure of 36 hours 
is 2.2%. The time of complete solution of 
different rings from the same animal is 
identical, regardless of original location, 
relative amount of elastic tissue, or size. 
Thus the original configuration of a com- 
plete aorta, including the fine intercostal 
arteries, persists until the moment of solu- 
tion, at which time all portions disappear 
simultaneously (Vig. 18). On the other 
hand, distinct variations in the curves repre- 
senting the rate of loss of weight are found 
among different animals and appear to cor- 
respond with their age—older animals hav- 
ing aortae showing increased resistance to 
solubility in formic acid. 

Decreasing the concentration of formic 
acid or the temperature of 88 formic acid 
in the procedure results in progressive pro- 
longation of both the extractive and the 
solubilizing phases, with a decreased defini- 
tion between them. Increasing the tempera- 
ture of 88% formic acid causes an increased 
rate both 
phases, but again the definition between them 
At 100 C the aortic tissue com- 


of extractive and solubilizing 
is obscure. 
pletely dissolves in 88 formic acid during 
an exposure of 165 minutes. Previous fixa- 
tion by formalin makes the tissue almost 
completely resistant to the action of formic 
acid, a loss of weight of only 8% occurring 
after an exposure to the acid of 144 hours. 
Pretreatment of the tissue by alcohol, ether, 
and desiccation of 110 C prolongs the ex- 
tractive phase to 72 hours (an increase of 
100©¢ ). 
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Achilles tendon treated by 88% formic 
acid at 45 C rapidly dissolves proportionally 
to the time of exposure to the acid until 
it is almost completely gone at 15 to 18 
hours (Pig. 15). A residuum of 1.89% fails 
to dissolve within a period of 300 hours and 
is presumed to represent elastic tissue in the 
sheath structure of the tendon. 

Uterine smooth muscle and striated muscle 
of the hamstring group rapidly dissolve in 
88 formic acid at 45 C within a period 
of a few hours, leaving behind a honeycomb 
framework believed to represent elastic 
tissue in the sheath structure of these mus- 
cles. Depot fat rapidly dissolves in 88% 
formic acid at 45 C, resulting in a cloudy 
solution with a minimum of oil droplets on 
the surface. 

Comment 

The rapid loss of weight of aorta during 
the initial 36 hours of its exposure to 88% 
formic acid at 45 C closely corresponds 
with the complete loss of weight of collagen 
in Achilles tendon and the histological dis- 
appearance of all elements except elastic 
tissue from the aortic wall. The use of 
formic acid in the purification of elastic 
tissue depends upon the differential rate of 
solubility of collagen, muscle, fat, and cells 
on the one hand and clastic tissue on the 
other. That the latter also dissolves cannot 
be denied, the amount lost in the initial 36 
hours by analysis of the curve being 3.1% 
of the original aortic weight. Prolonged 
exposure of aortic tissue to formic acid after 
the initial 36 hours causes an average loss 
of 2.2 of the original aortic weight, or 
5.96% of the weight of the purified elastica 
within each 24-hour period until the time 
of complete solution at a mean exposure 


of 436 hours. 

The average amount of elastic tissue in 
the canine aorta by this method is 37.1%. 
This compares favorably with the results 
obtained by other authors: Hass, 37.99% 4: 
Kraemer and Miller, 34.89% "; Lansing et 
al., 43.30 48 Myers and Lang, 37.4% *: 
Lowry et al., 300 °°; Stein and Miller, 


38 Neuman and Logan, 399¢.° It 
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should be emphasized, however, that there 
is a proportionally greater amount of elastic 
tissue in proximal portions of aorta than in 
distal portions. 

Preliminary fixation of the aortic tissue 
by formaldehyde makes the collagen almost 
completely resistant to solution by formic 
acid. Preliminary treatment of aorta by 
alcohol and ether followed by air-drying at 
110 C, as used by Hass,** decreases the rate 
so that the 
optimum time of extraction becomes 72 
hours instead of 36 hours. 
the discrepancy, noted by him, between the 


of solution of collagen 100, 
This resolves 


extractive time as indicated by the curve of 
loss of weight (using preliminary dehydra- 
tion with alcohol, ether, and dry heat) and 
the extractive time as indicated by the force- 
extension no preliminary 
treatment). In the present experiments the 
indicated time of extraction by both tests 
is 36 hours. 

Increasing the concentration and tempera- 
ture of formic acid increases the rate of 
solution of collagen, but the best definition 
of the extractive point and the greatest sim- 
plicity of technique are obtained with use of 
standard concentrated formic acid (88% ) 
at 45 C, as advocated by Hass.** 

In comparison with other methods for 


curves (using 


obtaining pure elastin, formic acid is the 
only one in which morphologica} integrity of 
the elastic structure is maintained until im- 
mediately before solution of the whole tissue. 
Prolonged exposure to boiling water on boil- 
ing 1% acetic acid results in gradual shrink- 
age of the tissue, which becomes brittle and 
brown-black. Prolonged exposure of the tis- 
sue to boiling dilute alkali, boiling 40% 
urea, or 0.25 M oxalic acid results in its 
disintegration long before the time of com- 
plete solution. 


3. Measurement of Mechanical Elasticity 


Methods 


The circumferences of 72 aortic rings immersed 
in Mclivaine’s buffer (pH w 0.15) are 
measured at their midthickness by optically en- 
larged tracings. The effect of force to strain and 
the amount of subsequent recoil are measured by a 


5.6: 
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kymographic modification of the method of Hass.” 
Each of the rings is slung by specially designed 
glass hooks between the lever of a kymograph and 
a fixed dependent point. Prior to this transverse 
grooves of the same diameter as the glass hooks are 
indented from the intima into the walls of the 
rings at opposite poles, with use of the expected 
maximal breaking weight of 600 gm. and exercise 
of due care to prevent any stretching. The rings 
are suspended with the hooks accurately fitting the 
grooves of the same diameter as the glass hooks are 
to immerse the tissue. The beaker in turn is 
surrounded by a constant water bath maintained 
at 25 C. Barely sufficient weight is applied to the 
lever of the kymogram to cause eradication of folds 
and irregularities in the tissue, and a base line is 
made. Increments of weight (5 gm. each) are 
applied to the lever of the kymogram to just short 
of the point of rupture of the rings. This point is 
previously determined by allowing breakage of the 
first four rings. With each increment of weight 
and after a stabilizing period of one hour, a record- 
ing is made upon the smoked drum at a mechanical 
magnification of five to indicate the degree of 
extension of the tissue. This is converted to per- 
centage extension based upon the original circum- 
ference. The mean percentage extension of the 
rings for each increment in weight is then plotted 
to form a force-extension curve. 


The undamaged rings are then placed in 88% 
formic acid at 45 C. At regular intervals of time 
the rings are removed from the acid, washed to 
neutrality with water, and retested in buffer as 
before. Four rings are destroyed at each test in 
order to obtain the amount of maximal extensibility 
before rupture. The tests are continued until after 
the changes in the curves have become constant 
(96 hours). The mean percentage force-extension 
curves of the same group of four aortic rings 
during their increasing exposure to formic acid 
are plotted upon the same graph for comparison. 

The elastic recoil from a standard mechanically 
induced extension of whole aorta is demonstrated 
in an additional group of 36 rings with use of the 
same technique. After measurement and production 
of a base line on the smoked drum with the 


tissue in buffer at 25 C, four rings are mechanically 


stretched 80% (slightly less than the amount of 
maximal extensibility of purified elastica) and a 
recording is made. All weight, including the tare 
weight, is then removed for 12 hours by raising the 
pointer of the lever. The tare weight is then re- 
applied, and six hours later a recording is made. 
The percentage recoil is calculated upon the dif- 
ference in circumference between the original and 
the 80% stretched tissue. The remaining rings are 
then placed in 88% formic acid at 45 C for regular 
intervals of time, are washed, and are retested in 
buffer as before. The mean percentage elastic 
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Fig. 


16.—Variation im 


i) 
a reversible mechanical ex- 


tension of aorta during 
prolonged exposure to 
88% formic acid at 45 C. 
Marked but decreasing 
changes occur in force- 
extension curves up to an 
exposure of the tissue to 
formic acid of 36 hours. 
Thereafter the changes 
are gradual and constant 


TO 127% AT 800 GM 


20 40 60 80 100 120 GRAMS 


recoil of the rings from a mechanically extensive 
strain of 80% is plotted against the time of their 
exposure to formic acid. 

No attempt is made to determine the mechanical 
extensibility of Achilles tendon, which is qualita- 
tively extremely small.*™ 


Results 


The effect of time of exposure of aortic 
tissue to 88% formic acid at 45 C is re- 
flected in the change in character of the 
serial curves of force-extension (Fig. 16). 
Marked but decreasing changes are evident 
in the curves obtained during the first 36 
hours. Thereafter the changes are minimal 
and constant. First, the curves became 
progressively more steeply inclined, indi- 


> 


MEAN PERCENTAGE RECON 
n 


HOURS 
Fig. 17.—Increase of recoil of neutral aorta from 
a mechanically induced extension of 80% during 
oenent exposure to 88% formic acid at 45 C. 
Complete elastic recoil occurs at an exposure of 
the tissue to formic acid of 36 hours and longer. 
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cating an increase in the ratio of strain to 
force and greater reversible deformability 
or elasticity in the common usage but a 
decrease in Young’s modulus. Second, the 
flat convex curve of the control tissue is 
gradually replaced by a near linear curve 
at an exposure to formic acid of 36 hours 
and thereafter. A slight flattening of the 
curves without evidence of yield ®:® occurs 
immediately before rupture in all rings ex- 
posed to formic acid for 36 hours and 
longer. 


The maximal mechanical extension before 
rupture of the rings rapidly decreases from 
a mean of 127% in whole aorta to a mean 
of 87 in aorta exposed to formic acid for 
36 hours. 

The amount of elastic recoil of aortic tis- 
sue from a standard mechanical extension 
of 80% increases rapidly from 94.3% for 
whole aorta to 100% for purified elastica 
during the first 36 hours of exposure to 
formic acid (Fig. 17). Thereafter, despite 
a slight constant increase in hysteresis, the 
recoil remains complete. It should be em- 
phasized that complete recoil occurs only 
after previous removal of all force, including 
the tare weight, before reapplying the latter 
and making the measurement. 


Comment 


The preparation of serial force-extension 
curves and the curve representing the in- 
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crease in elastic recoil of aortic rings during 
their exposure to 88% formic acid at 45 C 
for increasing periods of time is made for 
the sole purpose of demonstrating the re- 
moval of elements other than elastic tissue, 
chiefly collagen, from the aortic wall. Force 
is not converted to stress because of the 
difficulty of obtaining a suitably accurate 
cross-sectional area of the meshed elements 
of elastin (Fig. 6). Both curves indicate 
rapid changes toward complete elasticity dur- 
ing the initial 36 hours of exposure of the 
aortic tissue to formic acid. These cor- 
respond with its loss of weight and the 
histological disappearance of collagen, mus- 
cle, and cells. 

The dual character of the force-extension 
curve of whole aorta, ascribed by Krafka ** 
and Burton to the mixture of collagen 
and elastic tissue in its wall, is lost early 
during the exposure to the acid through 
elimination of the collagenous component. 
The results are identical to those of 
Hass, who tested human material.***¢ 
The force-extension curve of whole canine 
aorta is similar to the stress-strain curves 
of Saxton,” Wiggers,74 Roy,®* Wilens,” 
and Hallock and Benson,** with use of dif- 
ferent animals and techniques. 

Prolonged exposure of the tissue to 
formic acid after the initial extractive phase 
results in a constant daily increase of 5.9% 
in the ratio of strain to force, wth no change 
in the maximal extensibility. This apparent 
loss of Young’s modulus is eliminated 
when one considers that the loss of weight 
of the elastic tissue and presumably its cross 
sectional area is also 5.9% per day. 

The elastic recoil from a standard mechan- 
ical extension of whole aorta is excellent, 
amounting to 94.3%. This corresponds with 
a permanent elongation of the tissue of 
4.6%, which compares favorably with the 
results of Hass,*4 Wilens,* Krafka,* and 
Saxton, with use of different animals and 
different techniques. During the initial 36 
hours of exposure to formic acid, while 
collagen, muscle, and cells are being ex- 
tracted, the amount of elastic recoil increases 
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to become perfect. During prolonged ex- 
posure of the purified elastic tissue to formic 
acid there is no loss of this perfect elastic 
recoil. However, hysteresis, or the time 
necessary to attain equilibration, increases 
with exposure to the acid. 


4. Determination of Changes in Chemical 
Elasticity (Reversible Dimensional Changes 
Caused by Formic Acid) 


Methods 


Twelve aortic rings are cut open to form strips, 
individually segregated, and immersed in Mc- 
Ilvaine’s buffer (pH 5.6; gw 0.15). They are 
examined as to color, transparency, and consistency. 
The dimensions of length, width, and thickness of 
the strips are measured at an optical enlargement 
of five times, with the tissue suspended in the 
buffer at zero stress and at a temperature of 
2= C. The strips are then rinsed in distilled water, 
blotied, and immersed in 88% formic acid at 45 C 
for three hours, at which time rapid dimensional 
changes caused by the swelling of the collagen 
cease. Reexamination and remeasurement are per- 
formed with the strips suspended in the formic 
acid at 25 C. After this the strips are repeatedly 
washed in the buffer to neutrality, care being taken 
not to lower the ionic strength, which results in 
irreversible swelling of the altered collagen. They 
are then reexamined and remeasured as in the 
initial test. The process of alternating examination 
with measurement of the strips and their exposure 
to 88% formic acid at 45 C is repeated at regular 
intervals of time (3 hours initially to 72 hours 
terminally) until the time of their solution. The 
means of the percentage change from the original 
dimensions of the strips are plotted against the 
time of their exposure to 88% formic acid at 45 C, 
first while under the influence of the acid and then 
after having been neutralized by the buffer. 

The relationship of the dimensional changes of 
aortic elastic tissue to the concentration of formic 
acid is demonstrated as follows: One ring of 
purified aortic elastica (aorta exposed to &8&% 
formic acid for 36 hours and washed to neutrality) 
is suspended in the buffer between the lever of a 
kymograph and a_ fixed dependent point, as 
previously described. The half-circumference of 
the ring is measured directly with calipers at 25 C, 
and a base line is produced upon the smoked drum 
at a mechanical magnification of five times. The 
beaker of buffer is replaced by one containing 
distilled water at 25 C, which is changed repeatedly 
over a period of 12 hours. During this time the 
initial swelling of the tissue due to osmosis dis- 
appears and the original base line is reattained. 
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Beakers containing formic acid in exponentially 
increasing concentrations between 10°% and 1.0% 
and in arithmetically increasing concentrations 
between 0% and 98% are then progressively 
raised to immerse the tissue. Four changes of each 
solution are made for equilibration before re- 
cording upon the drum. Nitrogen is bubbled 
through the lowest concentrations of the acid and 
distilled water. The effect of the entire series of 
graded concentrations of formic acid is then tested 
in the reverse order so that the tissue is finally 
resuspended in distilled water. After completion 
of the test the rings are immersed in 88% formic 
acid at 45 C for 96 hours and then removed, 
washed to neutrality, and tested as before. The 
process of alternate exposure of the ring to 88% 
formic acid and testing is repeated until the tissue 
is nearly dissolved. Serial curves obtained during 
prolonged exposure of the ring to 88% formic 
acid at 45 C are plotted on the same graph. Each 
curve represents the percentage dimensional changes 
of the ring caused by varying concentrations of 
formic acid. 

For purposes of control six strips of Achilles 
tendon from different dogs are used to test the 
effect of 88% formic acid at 45 C upon collagenous 
tissue. 
and 


These are measured accurately in length 
diameter while immersed in Mcllvaine’s 
buffer (pH 5.6; » 0.15). They are then exposed to 
formic acid at 25 C for 30 minutes and again 
measured, first in acid at 25 C and then 
after neutralization by repeated washing in the 
buffer at 25 C. Care is taken not to wash with 
water because this lowers the ionic strength and 
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Fig. 18—Progressive 
swelling of the same seg- 
ment of aorta (top row) 
occurs during prolonged 
exposure to 88% formic 
acid at 45 C. Neutraliza- 
tion of the acid causes 
loss of the swelling seen 
in the top row and com- 
plete reversion (bottom 
row) to original 
dimensions of length and 
circumference. The initial 
configuration, including 
the intercostal arteries, is 
maintained until the time 
of complete solution. 


causes irreversible swelling of the tissue. Alternate 
measurement of the strips and their exposure to 
the acid for periods of 30 minutes each are ac- 
complished until lack of coherence and transparency 
of the tissue makes further study impractical (six 


to nine hours). 


Attempts to correlate the di- 
mensional changes of tendon with the concentration 
of formic acid fail because of the extremely 
sluggish response (six weeks) and the unusual 
swelling in girth (over 1000%) of collagenous 
tissue when exposed to very dilute solutions of the 
acid, 


Results 


During the initial period of three hours, 
88% formic acid at 45 C a mean 
shrinkage of 3% in length and width and 
a mean swelling in thickness of 28% of the 
aortic strips ( Figs. 18 to 20). Maximal con- 
traction in length and width of 99 and 
swelling in thickness of 41% occur in 
segments from distal locations in the aorta. 
Minimal shrinkage in length and width (ac- 
tually an extension of 4%) and minimal 
swelling in thickness of 17% occur in strips 
from proximal aortic positions. The tissue 
becomes hard, translucent, yellow, and rub- 
bery. The strips tend to lose their natural 
curve, and those from originally distal lo- 
cations become inverted, owing to the 
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Fig, 19—Graphic 


demonstration of Figure 160 
18. Reversible chemical 
extension in length and 140 
width of aortic strips and 
contraction in length of 1207 


tendon caused by pro- 
longed exposure to 
formic acid. Rapid di- 
mensional changes occur 
during the first 36 hours, 
while collagen is being 


% EXTENSION 
@ 
x 


EXTENDED AORTA 


dissolved. Thereafter 40 NEUTRALIZATION 

the changes are gradual 7 

and constant. The curves 20- NEUTRALIZATION 

of Figures 19 and 20, 

after the initial 36 hours, 4 
become identical if the 


permanently reduced 
thickness of purified 
elastica is used for calcu- 
lations instead of the 
original aortic thickness. 
The extension of elastic 
tissue in all dimensions 
contrasts with the shrink- 


% CONTRACTION 
° 


NEUTRAL AORTA 


603 ACHILLES TENDON 


age in length and swelling 12 24 3% 
in girth of tendon during 
exposure to formic acid. 


shrinkage of the greater amount of collagen 
in their outer walls. 

Within the next 33 hours of exposure to 
the acid there occurs a rapid extension in 
length and width of the strips to a mean 
increase of 59%. Maxima and minima of 
70% and 47% extension are found but do 
not correlate with the original location of 
the strips in the aorta. In the same period 
the swelling in thickness rapidly decreases 


48 60 72 8 Hours 


T T T 
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to a mean figure of 3% less than the original 
dimension. A maximal figure of 5.5% 
swelling and a minimal figure of 9% 
shrinkage in thickness can be correlated with 
original proximal and distal aortic locations, 
respectively. 

Neutralization of the chemically extended 
tissue after the first 12 hours of exposure 
to the acid causes complete return to the 
original dimensions of length and width of 


Fig. 20.—Graphic 
demonstration of Figure 
18. Dimensional changes 


aang in thickness of aorta and 

4 girth of tendon during 
prolonged exposure to 

1605 TENDON formic acid. Rapid dimen- 
sional changes occur dur- 
2 120+ ing the first 36 hours, 
| while collagen is being 
a dissolved. Thereafter the 
“ 604 changes are gradual and 
504 constant. The curves of 
404 Figures 19 and 20, after 
30- the initial 36 hours, be- 
204 EXTENDED AORTA come identical if the 
104 permanently reduced 

104 elastica is used for calcu- 

20; NEUTRALIZATION AORTA lations instead of the 
304 | | ] original aortic thickness 
40, The extension of elastic 
g 50- I | | | tissue in all dimensions 

2 24 “36 sano age in length and swelling 
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in girth of tendon during 
exposure to formic acid 
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whole The neutralized — thickness 
shows a rapid constant decrease, reaching a 
mean maximal loss of 39 at an exposure 
to the 


minimal figures of the latter correspond 


aorta. 


acid of 35 hours. Maximal and 
with originally distal and proximal locations 
of the rings, respectively. Thus distal seg- 
ments, contaming more collagen, show a 
greater loss of neutral thickness amounting 
to 53%, while proximal segments, containing 
less collagen, lose only 29° of their original 
thickness. 

The chemically extended tissue at an ex 
posure to formic acid of 36 hours is soft, 
elastic, opaque, and yellowish-white. 

Prolonged exposure of the tissue to 88 
45 
phase, or initial exposure of 36 hours, re- 


formic acid at after the extractive 
sults in a gradual nearly constant increase 
in all of its dimensions until immediately 
before its solution at a mean exposure of 
432 hours. The final mean dimensions of 
length and width are 124° greater than 
The final mean thick- 
ness is 37 greater than the original aortic 


those of whole aorta. 


thickness. The dissimilarity of these figures 
is due to the fact that the percentage changes 
are based upon the dimensions of whole 
aorta and not upon those of purified elastic 
(aorta exposed to formic acid for 36 hours). 
Whereas the neutral length and width of a 


Fig 21.—Reversible 
extension of purified 
elastica with concentra- 
tion of formic acid and 
the effect upon it of pro- 
longed exposure to con- 
centrated formic acid 
Two distinct curves of 
swelling occur in purified 
elastica immersed in low 
and high concentrations 
of formic acid. These 
increase in magnitude at 
a constant but unequal 
rate during prolonged 
exposure of the tissue to 
concentrated formic acid 
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strip of purified elastica are identical to those 
of the original whole aorta from which it 
is derived, the neutral thickness of purified 
elastica is 39% less than the neutral thick- 
ness of whole aorta, owing to the loss of 
collagen and muscle. When the final mean 
percentage chemical extension of the thick- 
ness is calculated upon the thickness of the 
neutral elastica instead of aorta it becomes 
identical to those of length and width, or 
124%. The increment in the 
chemical extensibility of pure elastica in all 


percentage 


dimensions during the time of its solution 
(16.5 days) thus becomes 124 (final per- 
centage extension) —59 (initial percentage 
110.16. This amounts 
to a mean increment of 6.67 per 24-hour 


extension ) =65— 59- 


period. 

At any time of exposure to 88% formic 
acid at 45 C after the initial 36 hours, neu- 
tralization of the acid causes the extended 
tissue to return to the original dimensions 
of length, width, and thickness of the pure 
elastica. 

The chemically extended tissue during 
the period of prolonged exposure to formic 
acid becomes progressively more tenuous, 
translucent, and yellow. The neutral tissue 
shows only a slight loss of opacity and in- 
creased softness. The original configuration 
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of the aorta is retained until the moment of 
complete solution of the tissue (Fig. 18). 

Curves representing the effect of varying 
concentrations of formic acid upon a ring 
of pure elastica indicate two components of 
extension separated by an interval of rela- 
tive contraction (Fig. 21). In a ring ex- 
posed to formic acid for 36 hours the 
primary response occurs at concentrations 
of formic acid between 0.001% and 1.0% 
(pH 3.9 and pH 2.2). It consists of an 
upward convex curve with a maximal ex- 
tension of 5%, occurring at a concentration 
of formic acid of 1%. This is followed by 
a concave curve of relative contraction to a 
minimum figure of 3% extension at a con- 
centration of formic acid of 10%. The 
secondary component of extension emerges 
from the curve of relative contraction, dis- 
playing a linear relationship to the con- 
centration of formic acid between 18% and 
98%. The maximal extension of 62% occurs 
at a concentration of formic acid of 98%. 
The extension of 56%, corresponding to a 
concentration of acid of 88%, falls within 
the limits of the points representing the 
mean extension of aortic strips exposed 
to 88% formic acid at 45 C for 36 hours 
(Fig. 19). 

Prolonged exposure of the rings to 88 
formic acid at 45 C causes an increase in 
both types of extension, the primary re- 
sponse increasing proportionately greater 
than the secondary response. The maximum 
of the primary extension rises from 5% at 
an exposure of the tissue to the acid of 36 
hours to 137% at an exposure of 476 hours. 
During the exposure it occurs at gradually 
decreasing concentrations of formic acid, 
from 1% at an exposure of 36 hours to 
0.1% at an exposure of 476 hours. The 
recontractive component of the primary re- 
sponse in this maintains a ratio of 1:1.6 with 
the maximum and gradually but increasingly 
encroaches upon the curve of the secondary 
response. The maxima of the latter run 
parallel to the curve, representing the mean 
extension of aortic strips (Fig. 19) but at a 
higher level, owing to the use of 989% instead 
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of 88% formic acid and because the ring 
used for study showed unusual extensibility. 
The range of the secondary or linear re- 
sponse is gradually reduced, the initial points 
occurring at progressively increasing concen- 
trations of formic acid—between 18% at an 
exposure of 36 hours and 37% at an ex- 
posure of 476 hours. Both types of re- 
sponse, regardless of the time of exposure 
of the tissue to 88% formic acid at 45 C, 
display complete reversibility. 

Fresh Achilles tendon when treated with 
88% formic acid at 45 C for purposes of 
control undergoes within the initial three 
hours a contraction of 78% and an increase 
in girth of 200% when measured at 25 C. 
Washing the tendon with buffer results in 
a 5% reextension to a neutral contraction in 
length of 73% and no change in the girth. 
Washing in water causes a tremendous ir- 
reversible swelling in girth of the tissue of 
over 1000%. 

After the initial exposure of three hours 
the tendon in formic acid shows less marked 
dimensional changes, but the tissue becomes 
so ill-defined and gelatinous that further 
measurement is of no value, 

Comment 

The results of these experiments indicate 
that formic acid causes an irreversible con- 
traction in length and swelling in girth of 
collagenous tissue, whereas it causes a re- 
versible swelling in all dimensions of puri- 
The amount of 
dimensional change caused in the length of 
tendon is identical, as we shall see, with 
that caused by heat. 


fied elastic tissue. 


It is found to occur 
at 0 C and is probably the result of lowered 
critical thermal shrinkage temperature 
caused by decreased pH, as described by 
Lennox *§ and Lloyd and Garrod.*® In whole 
aorta the effect of formic acid is obscured 
by the conflicting action of the collagen and 
elastic tissue. Considerable variation in re- 
sponse is found between aorta with a rela- 
tively high content of elastin, as in proximal 
segments or tissue from young animals, and 
aorta with a relatively high content of col- 


537 
537 


lagen, as in distal segments or segments of 


tissue from older animals. 

After the initial exposure to 88% formic 
acid at 45 C for 36 hours the collagenous 
response is lost and the completely reversi- 
ble extension in all dimensions of the pure 
elastica becomes clear. There is hereby 
confirmation for the correct time of extrac- 
tion, as demonstrated by histological evalu- 
ation, changes in loss of weight, and changes 
in the similar 
aortic tissue. 

The chemical extension or swelling of the 
purified elastica increases at a constant rate 
during prolonged exposure to concentrated 
formic acid until just before solution of 
the tissue, when a maximum swelling of 
124% is attained. This is comparable to the 
amount of 127% 
tension before rupture of whole aortic rings. 
The rate of increase in this ability to swell 
in a 24-hour period is 6.67, which, com- 
pared to the rate of loss of weight of 
5.96%, yields a ratio of 1.12:1. 

The action of concentrated formic acid 
in causing extension of the elastic mesh- 
works is not clear at the present time. That 
it is not strictly an effect of pH is obvious 
when curves representing the swelling of 
pure elastica caused by varying concentra- 
tions. of formic acid are analyzed. True, the 
initial, or primary, extensive response is the 
result of increasing hydrogen-ion concen- 


force-extension curves of 


maximal mechanical ex- 


tration and can be reproduced using any 
acid of the same pH and ionic strength. 
This response increases as a geometric pro- 
gression with prolonged exposure of the 
tissue to concentrated formic acid at 45 C 
and is assumed to be caused by an increase 
otf exposed reactive groups in the tissue, 
with increased binding of hydrogen ions and 
concomitant hydration. The recontractive 
phase of the response is undoubtedly due 
to the effect of the greater ionic strength in 
the higher concentrations of the acids, which 
counteracts the hydrogen-ion effect. Indeed, 
as the other than 
formic acid is increased the tissue shows 
This 


concentration of acids 


progressive shrinkage. recontractive 
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phase can be reproduced by adding to dilute 
concentrations of acid which cause maximal 
swelling of the tissue sodium chloride in 
amounts calculated to yield the same ionic 
strength as found in higher concentrations 
of acid which cause shrinkage of the tissue. 
It is not reproduced by adding glucose in a 
similar manner. 

In contrast to other acids, formic acid in 
higher concentrations causes a distinct and 
separate extensive response in elastic tissue. 
This is reversible and is proportional to 
the concentration of formic acid between 
18% and 98%. Its magnitude gradually in- 
creases at a constant rate during prolonged 
exposure to 88 formic acid at 45 C until 
the time of solution of the tissue. A mech- 
anism whereby concentrated formic acid 
causes this extension is suggested as follows. 
Elastic tissue occurs as a meshwork of 
branching bands, fibers, and fibrils aggre- 
gated in such a manner that larger elements 
are composed of and interconnected by 
smaller elements on a progressively smaller 
scale to the limits of resolution of the elec- 
tron microscope. Concentrated formic acid 
causes the finest meshworks to undergo im- 
mediate maximal extension, with subsequent 
complete dispersion and formation of mo- 
lecular solution. They are replaced by ex- 
posure of similar meshworks within the 
next larger order of aggregation, which have 
undergone a more limited extension due to 
their more massive anastomic interconnec- 
This repeated for 
meshworks of progressively increasing di- 


tions. process is 
mensions and firmness of cohesive aggrega- 
tional binding. The maximal initial chemical 
extension of the whole tissue is governed by 
the relatively limited extension of the firmly 
bound largest aggregates. During prolonged 
exposure to formic acid the finest elements 
dissolve, with weakening of interconnec- 
tions between elements of larger aggregates. 
The latter can now extend more fully, ex- 
posing more of the finest elements in the 
process. These undergo maximal extension 
and solution, and the entire process is re- 
peated. Thus at one end of the scale there 
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is a constant process of maximal extension 


and solution of the finest elements, whilefat 
the other end there occurs a limited but con- 
stantly increasing extension of the largest 
and hence more firmly bound aggregated 
elements which govern the dimensions of the 
whole tissue. Immediately before solution 
these largest elements are mere ghosts of 
their former structure, being composed of 
barely visible and submicroscopic aggregated 
fibrillar meshworks, all displaying near- 
maximal and maximal chemical extension. 
The phenomenon of the abrupt disappear- 
ance of the original configuration of aorta 
coinciding with the moment of complete 
solution of all tissue within it is thus ex- 
plained (Fig. 18). Since the rates of solu- 
tion and chemical extension of elastica are 
interdependent, they should have a definite 
relationship. This is found to be a_ ratio 
of 1.12 :1.00. 


5. Determination of Changes in Thermal 
Elasticity (Reversible Dimensional Changes 
Caused by Changes in Temperature) 


Methods 

Twenty-four aortic rings are opened into strips 
in order to study the effect of 88% formic acid at 
45 C upon the thermal response of aortic tissue. A 
modification of the method described by McCartney 
is used. The strip to be tested is suspended be- 
tween the lever of the kymograph and a fixed 
dependent hook within a vessel containing Mc- 
Ilvaine’s buffer (pH 5.6; w 0.15). Into the vessel 
are placed a stirring device and thermometer. 
The tension on the strip is adjusted to barely 
folds The 
temperature of the strip is reduced to 0 C by 


eradicate and wrinkles in the tissue. 
means of an ice-saline bath surrounding the vessel, 
and the length is measured directly by means of 
calipers. After a base line has been made upon the 
smoked drum, the temperature is gradually raised 
to 100 C and lowered again to 0 C in increments 
of 5 C. Sufficient time (five minutes) is allowed 
after each change in temperature to allow stabiliza- 
tion before a recording is made upon the drum. 
Measurements from the kymographic tracing are 
converted into percentage deviations of contraction 
from the original length of the strip at 0 C. The 
mean results of four strips of whole aorta are 
plotted against increasing and decreasing tempera- 
ture between 0 and 100 C. The remaining 20 rings 
formic acid at 45 C. Four 
strips are removed at exposures to the acid of 3, 6, 
12, 24, and 36 washed to 


are immersed in &8% 
hours. These are 
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CONTROL 


20 


enact 

Fig. 22—Thermal contraction and reextension 
of neutral aorta at intervals of time during ex- 
posure to 88% formic acid at 45 C. Two distinct 
curves of contraction of whole control aorta occur 
with increasing temperature. During the initial 
36 hours of exposure of the tissue to concentrated 
formic acid the second curve, corresponding to the 
contraction of collagen, is eliminated and thermo- 
elastic recoil becomes perfect. 


neutrality in the buffer, after which their thermo- 
elastic behavior is demonstrated as before. Since 
no alteration of the tissue is found to result from 
repeated heating of strips exposed to formic acid 
for 36 hours and longer, after the collagen has 
been extracted, the last four strips are repeatedly 
used in a serial manner. First they are exposed to 
the acid for regular periods of time and then after 
being washed in buffer they are tested for thermo- 
elasticity. The procedure is continued until the 
rings become too delicate for handling (360 hours). 
In this way a series of curves are obtained which 
demonstrate the effect upon the thermoelastic 
properties of aortic tissue caused by its prolonged 
exposure to 88% formic acid at 45 C. 
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Fig. 23.—Increase in maximal thermal contrac- 
tion of canine aorta during prolonged exposure to 
88% formic acid at 45 C. The amount of maximal 
thermal contraction of purified elastica increases 
at a constant rate during its prolonged exposure 
to concentrated formic acid. 


In order to demonstrate the rate of increase of 
the maximal thermocontractility of aortic rings 
during their exposure to formic acid the figures 
representing the mean total contraction of each 
test are plotted against the time of exposure of 
the rings to the acid. 


Results 

Strips of whole control aorta when heated 
in physiological buffer undergo two distinct 
forms of contraction, depicted on the kymo- 
grams as convex curves (Fig. 22). The 
first, beginning at 0 C, shows major changes 
up to 50 C, with diminishing response to 
a maximum shortening of 9% at 60 C. The 
second, starting at precisely 65 C, is super- 
imposed on the first. It shows major changes 
between 65 C and 80 C, with diminishing 
response to a maximum shortening of 28° 
at 95 C. Cooling causes a nearly linear type 
of extension of 15% or elastic recoil of 
53%. Exposure of aortic rings to concen- 
trated formic acid at 45 C for regularly 
increasing periods of time before washing 
and thermally testing causes the following 
changes. The second convex curve becomes 
shifted into a cooler temperature range and 
gradually decreases in amplitude. The pri- 
mary convex curve becomes more prominent, 
particularly in the lowest temperature range. 
The curve of reextension becomes convex 
and gradually approaches the base line. At 
a time of exposure to formic acid of 36 
hours the rings exhibit a single symmetrical 
curve of thermal contraction and reexten- 
sion, with major changes occurring between 
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0 and 45 C and a gradual flattening to a 
maximum shortening of 15% at 75 C. The 
reextension and recontraction of 1% oc- 
curring between 85 C and 100 C are un- 
explained but appear to be related to the 
vaporization of water, 

Prolonged exposure of the rings to con- 
centrated formic acid at 45 C after the 
initial period of 36 hours results in a con- 
stant gradual increase in the amount of their 
mean maximal thermocontractility (Fig. 
23). This attains a shortening of 32% at 
360 hours, the tissue becomes too 
delicate for handling. Projection of the 
curve to the time of solution of adjacent 
rings (432 hours) indicates a maximal at- 
tainable thermocontractility of 36%. The 
percentage increase in thermocontractility of 
purified elastic tissue during the time of 
its solution (16.5 days) thus becomes 36 
(final percentage contractility) —15 (initial 
percentage contractility) =21+15=140%, 
or an increase of 8.48% in a 24-hour period. 

Collagenous tissue of Achilles tendon, 
when treated similarly as a control, shows 
no dimensional change until the temperature 
of 65 C is attained, at which point contrac- 
tion begins (Fig. 24). If this temperature 
is maintained, contraction of 78% is attained 


when 
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Fig. 24.—Allteration in length of Achilles tendon 
with temperature. Collagen of Achilles tendon 
shows abrupt thermal contraction at 65 C coincid- 
ing with the second thermal contraction of whole 
aorta. At 25 C the contraction of tendon 


of 73% is equal to that caused by concentrated 
formic acid, 
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in a period of 14 hours. Raising the temper- 
ature at this time results in further con- 
traction to a maximum of 80 between 85 
and 100 C. The diameter of the tendon 
increases 200% during the procedure. Cool- 
ing the contracted tissue in steps of 5 C 
results in a reverse-S-shaped curve of re- 
extension of 106, with major changes 
occurring between 65 and 20 C. At 25 C 
the amount of shortening is found to be 
73%. Reapplication of heat and cold re- 
sults in a nearly symmetrical thermoelastic 
curve of contraction and reextension within 
and slightly less than the limits of the orig- 
inal recoil and amounting to a maximum of 
33% of the new contracted length of the 
heat-denatured tissue at 0 C. 


Comment 

The changes in the thermoelasticity of 
aortic tissue during exposure to 88% 
formic acid at 45 C add confirmation to the 
results of previous tests, indicating an op- 
timal extractive time of 36 hours for ob- 
taining pure elastic tissues from whole 
aorta. The secondary contraction, with im- 
perfect recoil occurring at 65 C (the temper- 
ature at which collagen of Achilles tendon 
contracts), is completely eliminated at this 
time, leaving a single symmetrical curve of 
contraction and reextension. 

The maximal amount of thermocontrac- 
tility of purified elastica increases at a 
constant rate during prolonged exposure to 
formic acid. The daily rate of this increase 
is 8.48%, which, compared to the daily rate 
of loss of weight of 5.96%, yields a ratio 
of 1.42:1.0. 

The thermoelasticity of elastic tissue has 
been described, with use of thermodynamic 
principles, as being similar to that of rubber, 
because both substances display the Gough- 
Joule The latter anomalous 


contraction of stretched elastomers with ap- 
plied heat is explained by the increased 
thermal agitation of the extended molecular 
chains, which overbalances the cohesion of 
the relatively few cross linkages connecting 
them. The chains thus coil and shorten into 
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their more probably random arrangement. 
That the thermoelasticity of elastic tissue as 
described in our experiments is not exactly 
the same as that of rubber is indicated by the 
following two facts. First, in contrast to 
rubber, elastic tissue does exhibit thermo- 
elasticity without the necessity of first being 
stretched. Second, in contrast to rubber, 
elastic tissue must be fully hydrated in 
order to demonstrate the full range of ther- 
moelasticity. The last statement, in con 
tradiction to MeCartney, can be proved 
simply by observing the contraction of the 
tissue as it dries in air. A similar contrac- 
tion occurs when the tissue is transferred 
from water at 0 C to dehydrating agents, 
such as alcohol, acetone, glycerin, and hyper- 
tonic glucose and saline solutions also at 
0 C. From this it also appears that water 
performs a more essential role in the thermal 
dimensional changes of elastic tissue than 
that of mere lubrication as suggested by 
Lloyd and Garrod.*® If it is admitted that 
hydration and dehydration of the tissue are 
related to its thermoelasticity, it then be- 
comes possible to explain the increase in 
range of its neutral thermoelastic response 
as it is undergoing loss of weight during 
prolonged exposure to concentrated warm 
formic acid. Since the neutral dimensions 
do not change in this time, the tissue must 
be becoming proportionately more hydrated 

The reversible contraction of elastic tis- 
sue with heat is entirely unlike the irrevers- 
ible contraction of native collagen®** in 
both character and degree. Heat-denatured 
collagen, however, is rubbery and has some 
degree of reversible thermal contractility. 
This differs in character and in amount 
from that of elastic tissue. It exhibits slug- 
gish incomplete elastic recoil, with lack of 
reproductibility in serial tests. Its amount 
fails to increase with prolonged exposure to 
formic acid. 

The shortening of tendon caused by heat 
is identical to that caused by formic acid 
when both are measured in buffer at 25 
C, the amount of each being 73%. 
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Summary 

Five tests are utilized to determine the 
time of exposure to 88% formic acid at 
45 C of canine aorta required to obtain 
purified elastic tissue. The results of all 
of the tests, consisting of morphological 
examination, of of 
weight, measurement of changes in mechan- 
ical elasticity, measurement of changes in 
chemical elasticity, 


determination loss 


and measurement of 
changes in thermal elasticity, indicate an 
optimal extractive time of exposure of 36 
hours. 

In the performance of the tests insight 
into the structure of aortic elastic tissue on 
a macromolecular obtained. The 
tissue is seen to occur as a syncytium of 
radially 
branes 


scale is 
interconnected fenestrated 
with condensations at 
regular radial intervals to form definitive 
lamellae. 


mem- 
concentric 


Within the membranes, bands of 
elastic tissue split and anastomose about 
fenestrations in the tangential plane and 
with concentrically contiguous membranes in 
the radial plane. Within the homogeneous 
bands finer bands, fibers and fibrils anas- 
tomosing about finer fenestrations to the 
limits of the electron microscope can be 
demonstrated by extension of the elastic 
meshworks with formic acid. Neutralization 
of the latter allows reaggregation of the 
tissue to its original state, with disappearance 
of the finer subdivisions and the reappear- 
ance of the homogeneous membranous char- 
acter. This reversibility is incompatible with 
theories that elastic tissue is composed of 
fibers of elastin embedded in a matrix of 
a more readily soluble mucopolysaccharide 
or Tt is compatible 
with the studies of Wood, who demonstrated 
that mucopolysaccharide is not essential to 
the integrity of elastic tissue." It extends 
to a macromolecular scale the conclusions of 
Partridge et al. that elastin is a homogeneous 
material on a molecular scale.®* 

A reasonable explanation of the effects 
caused by prolonged action of formic acid 
upon elastic tissue is presented. This cor- 
relates the constant gradual solution of the 
tissue, with its constant gradual increase in 
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chemically extended dimensions without 
change in neutral dimensions, with its con- 
stant gradual increase in thermocontractility, 
and with its morphological arrangement of 
larger aggregated structures being composed 
of similar finer aggregated structures on a 
progressively smaller scale to molecular pro- 
portions. The fact that the maximal 
mechanical extensibility of whole aorta be- 
fore rupture is equal to the maximal amount 
of chemical extensibility before solution in 
formic acid is of considerable interest in 
view of the loss of mechanical extensibility 
of elastic tissue, resulting from the removal 
of collagen, as pointed out by Wood.** The 
marked response of the finest elements to 
extremely dilute concentrations of hydro- 
gen ion, provided the ionic strength is low, 
may have some practical importance in the 
study of bodily structures containing elastic 
tissue. 

Cancer Research Institute, New England 
Deaconess Hospital, 194 Pilgrim Rd. (15). 
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Puromycin, an antibiotic derived from 
Streptomyces alboniger by Porter, in 1952, 
and its related aminonucleoside (6-dimethyl- 
aminopurine-3-amino-p-ribose) have been 
observed to have a beneficial effect in the 
treatment of such parasitic infestations as 
amebiasis * and trypanomiasis”* to 
exhibit an inhibitory action on the growth 
of some Gram-positive and Gram-negative 
bacteria.® In addition, these drugs have 
demonstrated a retardative effect on neo- 
plastic growth in mice.*® Although toxic 
manifestations of these agents have not been 
observed in man, they have been noted to 
produce a nephrotic syndrome in 
The aminonucleoside appears more potent 
in this regard, with a requirement of as 
little as 0.003 ml. of a 0.5% aqueous solu- 
tion per gram of body weight, administered 
subcutaneously for 8 to 12 consecutive days. 

The kidneys from rats receiving toxic 
doses of aminonucleoside appear pale and 
swollen. Fiegelson and associates * observed 
numerous casts within tubular lumens as 
well as sudanophilic material in tubular epi- 
thelium, endothelium, and blood vessels. 
Significant glomerular alteration was not 
evident. Because of this relative paucity 
of renal change they considered that “pro- 
found metabolic aberrations” resulted from 
the administration of aminonucleoside and 
that such an effect was possibly responsible 
for the nephrotic syndrome encountered in 
these animals. On the other hand, Frenk 
and associates * described occasional dupli- 
cation of the glomerular basement mem- 
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brane as well as a diffuse thickening of this 
structure in sections stained by the Hale 
method for the demonstration of acid muco- 
polysaccharides. In addition, a marked loss 
of mitochondrial elements was evident in 
the epithelial cells of convoluted tubules. 
These latter investigators indicated that 
these structural alterations were reversible 
in short-term experiments (5 to 20 days). 
Collagenization or glomerular proliferation 
were not apparent as in the renal lesions 
induced by injections of anti-rat-kidney 
rabbit serum. 

Recently, we ® have observed a depletion 
of histochemically demonstrable succinic 
dehydrogenase and cytochrome oxidase 
(G-nadi oxidase) in renal tubules of rats 
receiving highly potent anti-rat-kidney rab- 
bit serum. Certain considerations suggested 
that this alteration was related to the mas- 
sive proteinuria exhibited by these animals 
rather than to direct tubular damage medi- 
ated by the nephrotoxic serum. Since the 
injection of aminonucleoside appeared to 
represent another modality for producing 
proteinuria and the nephrotic state, it was 
considered pertinent to explore its effect 
on these renal respiratory enzymes as well 
as to characterize further its biochemical, 
pathologic, and clinical features and to com- 
pare the latter with those noted in rats 
after the injection of anti-rat-kidney rabbit 
serum. Because previous studies*™* con- 
cerning the nephrotoxicity of aminonucleo- 
side were performed with immature rats, it 
was considered worth while to ascertain 
whether a similar effect could be obtained 
in mature animals. 


Method and Material 


General Plan and Dosage of Aminonucleoside. — 
One hundred ninety-six adult female Wistar rats 
weighing between 150 and 200 gm. were utilized in 
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this study. One hundred sixty received amino- 
nucleoside,* and thirty-six were utilized as un- 
treated Seventy-eight received 
0.003 ml. per gram of 0.5% aqueous solution of 
aminonucleoside subcutaneously for 9 to 11 con- 
secutive days. Fifty-seven were killed by decapi- 
tation 14 days after the initial injection. Five 
animals died before 14 days. Sixteen rats also 
received 10 daily injections of 0.003 ml. of amino- 
nucleoside per gram but were observed until they 
died or were killed 45 days after the initial in- 
jection. A similar number also received 0.003 ml. 
of aminonucleoside per gram but were killed after 
six injections. 

Eighteen rats were given 10 consecutive daily 
subcutaneous injections of 0.0015 ml. of amino- 
nucleoside per gram and were killed on the 14th 
day of the experiment. Ten additional rats re- 
ceived a similar dose but were observed for 45 days. 
Twenty rats received 0.006 ml. per gram sub- 
cutaneously for eight days; ten were killed on the 
ninth day, and ten were observed until they died. 

Eight rats were given one intravenous injection 
of 0.006 ml. of aminonucleoside per gram, and ten 
received 
tions of 


controls. rats 


two consecutive daily intravenous injec- 
a similar dose. Animals receiving intra- 
venous injections were killed 14 days after the 
initial injection, 

All animals were placed in individual metabolism 
cages and allowed and Purina Chow ad 
libitum except for 18 hours prior to killing. Un- 
treated controls were killed with the experimental 
animals, and biochemical and staining techniques 
were performed simultaneously. Weights were re- 
corded at the beginning of the experiment and at 
the time of killing. 

Estimation of Proteinuria—Urine was collected 
during an 18- to 24-hour period in clean flasks 
fitted into paraffin-coated funnels. Protein content 
was determined by the method of Looney and 
Walsh.” Previous observations indicated that small 
amounts of 


water 


food particles occasionally present 
within the urine sample did not affect the result. 

Biochemical Determinations—Blood was ob- 
tained at the time of killing, and cholesterol was 
determined by the method of Schonheimer and 
Sperry; total lipid, by the method of de la Huerga, 
Yesinick, and Popper“; N.P.N., by the Kjeldahl 
technique, and total serum protein, by the biuret 
method, 

Estimation of Protein Reabsorption with Evans 
Blue Dye.—Eight rats that received 0.003 ml. of 
aminonucleoside per gram nine consecutive 
days were given an intravenous injection of 5 mg. 
of Evans blue dye on the 13th experimental day 
and killed 24 hours later. 


for 


A similar number of 


*Furnished by Dr. Stanton Hardy, Lederle 
Laboratories Division, American Cyanamid Com- 
pany, Pearl River, N. Y. 
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animals received a similar dose of aminonucleoside 
but received an intravenous injection of Evans 
blue dye on the fifth day and were killed one day 
later. The urines and kidneys of rats receiving 
Evans blue after administration 
were compared with those from untreated controls 
that received a similar dose of the dye. In addi- 
prepared the 
kidneys of both groups for the detection of intra- 
cellular deposits of the dye. 

Electrophoretic 
was performed on the serum and urine of 10 rats 
that received 0.003 ml. of 


aminonucleoside 


tion, frozen sections were from 


Studies—Paper electrophoresis 


aminonucleoside per 
gram subcutaneously for 9 consecutive days and 
were killed 14 days after the initial injection. The 
technique utilized has been described elsewhere.” 

Histologic and Histochemical Studies ——The kid- 
neys from all animals were quickly removed at 
the time of killing and longitudinally sliced. Por- 
tions were routinely fixed in Zenker's acetic fluid 
and stained with hematoxylin and eosin as well 
as the periodic acid-Schiff technique. In addition, 
blocks of kidney from varying numbers of animals 
were fixed and processed according to the require- 
ments of the following techniques as outlined in 
Technic and Practical 


Lillie’s “Histopathologic 


indicated. 


Histochemistry,” unless otherwise 

Lipid : 

1. Oil red O for neutral lipids (irozen sections ; 
10% formalin; 15 rats). 

2. Schultz modification of Liebermann-Burchard 
technique for demonstration of cholesterol and/or 
esters (frozen sections; 10% formalin; 15 rats). 


3. Windaus 


(frozen sections; 10% 


cholesterol 
formalin; 15 rats). 


digitonin for free 


4. Acid hematein for phospholipids (calcium- 
formalin; 15 rats). 

Enzymes: 

1. Lipase with sorbitan monostearate (Tween 


60) substrate (frozen sections; cold 10% formalin; 
15 rats). 

2. Glucose-6-phosphatase “* (fresh frozen; sec- 
tioned in cryostat; 15 rats). 

3. Succinic dehydrogenase * (fresh frozen; sec- 
tioned in cryostat; 60 rats). 

4. G-nadi oxidase 
cryostat; 60 rats). 
5. Alkaline phosphatase (65% alcohol; 15 rats). 
6. Acid phosphatase (acetone; 15 rats). 

7. 5-Nucleotidase * (95% alcohol; 15 rats). 

8. Nonspecific esterase 
10% formalin; 15 rats). 

Basement Membrane Stains: 

1. Periodic acid-Schiff (routine). 

2. Ritter-Oleson (combined periodic acid-Schiff 
and colloidal iron) (25 rats). 

3. Periodic acid-methenamine silver™ (25 rats). 


Vol. 


(fresh frozen; sectioned in 


(frozen sections; cold 
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GB CONTROL (Av OF 36 RATS) 
(7) 0.006 mi/Gm (av OF 20) 
0.003 mi/Gm (AV. OF 57) 
0.0015 mi/Gm (Av OF 17) 


| 


URINARY PROTEIN (mg/hr) 


6 7 8 9 10 13 14 
DAY FOLLOWING INITIAL INJECTION 


Fig. 1—Degree and day of onset of proteinuria. 


Other : 

1. Phosphotungstic acid hematoxylin fer mito- 
chondrial elements (35 rats). 

Oxygen Consumption of Kidney Slices —The 
oxygen consumption of fresh kidney slices from 
kidneys of 21 rats receiving 0.003 ml. of amino- 
nucleoside per gram and killed 14 days after the 
initial injection, & killed after six injections of a 
similar dose, and 13 controls were estimated by the 
standard Warburg 
vessel, as described in detail in a previous report.” 


manometric technique in a 


Results 

Clinical and Chemical Findings.—No clin- 
ical or biochemical alterations were encoun- 
tered in rats receiving intravenous injections 
of aminonucleoside. Proteinuria (Fig. 1) 
appeared generally in 8 days (range, 7 to 
12) after the initial injection of 0.003 ml. 
of aminonucleoside per gram. On the other 
hand, proteinuria appeared usually after 6 
days (range, 5 to 9) in animals receiving 
0.006 ml. per gram and at 12 days (range, 
11 to 14) in animals receiving only 0.0015 
ml. per gram. 

Ascites frequently as great as 40 cc. and 
hydrothorax were evident in 52 of the 54 
animals receiving nine injections of 0.003 


TABLE 1.—Average Change in Body Weight and Biochemical Findings After 
Administration of Aminonucleoside 


ml. of aminonucleoside per gram and killed 
14 days after the initial injection, in all 
animals receiving 0.006 ml. per gram and 
in only 4 of 18 rats receiving 0.0015 ml. 
per gram. Ascites when present appeared 
clinically, in most instances, two days after 
the onset of proteinuria. 

The nonprotein nitrogen of the blood was 
elevated in all animals receiving aminonu- 
cleoside which developed proteinuria and in 
which this determination was performed, 
appearing most marked in those animals 
receiving the highest dosage employed. Ani- 
mals receiving aminonucleoside also re- 
vealed an increase of cholesterol and neutral 
lipid, whereas total protein was decreased 
(Table 1). 

Weight.—Animals receiving aminonucle- 
oside revealed a gain in body weight similar 
to that of untreated controls despite the 
presence of ascites. Loss of weight was 
observed in rats receiving the 0.006 ml. 
per gram dose of the drug (Table 1). 

Electrophoretic Findings. 
albumin and elevation of a-globulin was ap- 
parent in electrophoretic patterns obtained 
from the serum of rats receiving 0.003 ml. 
of aminonucleoside per gram. A marked 
increase in albumin was evident in the urine 
of these animals (Fig. 2). 

Survival After Injection of Aminonucle- 
oside—Only 5 of 78 rats receiving 0.003 
ml, of aminonucleoside per gram, or 6.4%, 
died within 14 days after the initial injec- 
tion, whereas 13 of 16, or 81%, died be- 
tween the 14th and 20th days after injection. 
Animals which survived failed to reveal 
clinical, biochemical, or morphologic altera- 
All animals receiving 0.006 ml. per 
within 11 days, whereas no 


decrease in 


tions. 


gram died 


Chan 
Dose, M1./Gm. Day Killed No in Wt., Gm. 
0.003 14 35 20.0 
0.003 6 16 
0.006 10 20 —19.0 ¢ 
0.0015 14 20 +23.0 
Controls 36 +23.2 


* Control weight (6 days) + 10 gm. 
+t Control weight (10 days) + 12 gm. 
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Total Lipid, 


N. P. N., Cholesterol, Total Protein, 

Mg./100 Ce. Mg./100 Ce. Mg./100 Ce Gm./100 Ce. 
58.3 301 1400 2.5 
27.4 180 270 5.1 
94.0 280 670 43 
38.0 210 470 48 
29.7 160 250 5.3 
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Fig. 2.—Electrophoretic patterns of pooled serum 
and urine from rats with aminonucleoside nephrosis 
and from untreated controls. 


fatality was observed in animals receiving 
only 0.0015 ml. per gram. In these latter, 
proteinuria ceased about 30 days after its 
onset, and no biochemical or morphologic 
alterations were observed. 

Protein Reabsorption—Urine from 
animals receiving 0.003 ml. of aminonucleo- 
side per gram and Evans blue dye on the 
13th experimental day was stained with the 
dye, and the renal cortices of these animals 
were similarly colored. Frozen sections of 
such kidneys revealed numerous blue drop- 
lets in the cytoplasms of epithelial cells of 
the proximal convoluted tubules. The kid- 
neys and urine of rats that received only 
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Fig. 3—Appearance of kidneys from A, rat with 
aminonucleoside nephrosis; B, control killed 24 
hours after injection of Evans blue dye. The 
cortex is only lightly stained by the dye, as com- 


pared to C, that of a rat with aminonucleoside 


nephrosis killed 24 hours after injection of Evans 
blue dye. 


five injections of this dose of aminonucleo- 
side before the intravenous administration 
of Evans blue dye appeared similar to those 
of controls, being 
( Fig. 3). 

Oxygen Consumption of Kidneys with 
Aminonucleoside Ne phrosis.—A statistically 
significant depletion in the oxygen consump- 
tion of fresh kidney slices was apparent in 
rats with the nephrotic syndrome produced 
with aminonucleoside been de- 


relatively unstained 


and has 


scribed in detail elsewhere.’® No alteration 
from normal was observed in animals killed 


Fig. 4—Glomeruli 
from nephrotic rat stained 


by the periodic acid- 
methenamine silver tech- 
nique. There is no 


perceptible glomerular al- 
teration. Reduced 20% 
from mag. X 300. 
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Fig. 5.—Section of 
kidney from rat with 
aminonucleoside nephrosis 
revealing moderate  in- 
ternal hydronephrosis and 
hyaline casts. Periodic 
acid-Schiff stain; reduced 
20% from mag. X 150. 


after only five injections. The addition of 
aminonucleoside in failed to 
oxygen consumption normal kidney 
slices. 


vitro alter 


of 


Morphologic Observations.—Sections of 
kidneys from rats with the nephrotic syn- 
drome resulting from aminonucleoside ad- 
ministration failed to reveal any alteration 
of the glomerular basement membranes, as 
evidenced in sections stained by the periodic 
acid-Schiff, periodic acid-methenamine sil- 
ver, or Ritter-Oleson techniques (Fig. 4). 
On the other hand, the tubules frequently 
appeared dilated and their lumens contained 


Fisher—Gruhn 


hyaline casts which were strikingly demon- 
strated by the periodic acid-Schiff technique 
(Fig. 5). This method also revealed mod- 
erate numbers of “hyaline droplets’ within 
the cytoplasms of epithelial cells of the 
proximal convoluted tubules. Mitochondrial 
demonstrated by the phospho- 
tungstic acid hematoxylin method appeared 
significantly depleted in proximal convoluted 
tubules and ascending limbs of Henle. 
Droplets of neutral lipid were also encoun- 


elements 


tered in the cytoplasms of epithelial cells 
convoluted tubules 
rarely within endothelial cells of glomerular 


of the proximal and 


Fig. 6.—A, depletion of 
tubular succinic dehydro- 
genase kidney 
nephrotic rat, 
pared to control, B 
15% 


in from 


as com- 
Re- 
mag. 


duced from 


SS. 
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tufts. Cholesterol and/or esters were not 
identified, and phospholipid was _ evident 


only in “hyaline droplets” and mitochondria. 
Animals killed after only five subcutaneous 
injections of 0.003 ml. of aminonucleoside 
per gram or one or two intravenous injec- 
tions failed to reveal morphologic alteration. 
Similarly, the kidneys from animals ex- 


hibiting a remission from the nephrotic 
syndrome which were killed 45 days after 
the initial injection of the drug were histo- 
logically normal. 

Tubular Enzymes.—Kats exhibiting the 
nephrotic syndrome after the injection of 
aminonucleoside revealed a_ significant de- 
pletion of histochemically demonstrable suc- 
cinic dehydrogenase and cytochrome oxidase 
within the outer cortical and outer medul- 
lary zones of the kidney corresponding to 
the epithelial cells of the proximal convo- 
luted tubules and ascending limbs of Henle 
(Figs. 6 and 7). There were no perceptible 
alterations in lipase; nonspecific esterase; 
glucose-6, acid, and alkaline phosphatase, 
or 5-nucleotidase in nephrotic rats. Animals 
which failed to develop the nephrotic syn- 
drome did not reveal alteration in any of 
the enzymes studied. 

The severity of depletion of tubular cyto- 
chrome oxidase and succinic dehydrogenase 
appeared directly related to the degree of 
proteinuria (Fig. 8). This was evident 
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Fig. 7.—A, depletion of 
tubular cytochrome oxi- 
dase in kidney from 
nephrotic rat, as com- 
pared to control, B. Re- 
duced 15% from mag. 


X 35. 


@-CONTROL 
@-co. 


(4+-norma/, /+-morked depletion) 


APPEARANCE OF ENZYMES 


PROTEINURIA 
(AVERAGE mg/hr DURING PERIOD OF PROTEINURIA) 


Fig. 8—Correlation of degree of proteinuria 
and alteration of renal cytochrome oxidase and 
succinic dehydrogenase. 


when estimated on the basis of degree of 
proteinuria on the day of killing, or average 
degree of protein excreted during the entire 
proteinuric period. 


Comment 

The results of this study indicate that the 
consistent development of the nephrotic 
syndrome in adult rats receiving aminonu- 
cleoside is dependent upon the dose utilized. 
An optimum dose for such an effect has 
been established as nine consecutive sub- 
cutaneous injections of 0.003 ml. of a 0.5% 
solution per gram. The severity of the 
disease induced in this manner is reflected 
by a survival rate of only 19% for longer 
than one week after the onset of nephrotic 
manifestations. Further, this state is of 
relatively short duration, with apparently 
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complete clinical, biochemical, and morpho- 
logic remission becoming evident within 
four weeks in animals which survive. 
Smaller doses of the drug produced ascites 
in only approximately 25% of the animals, 
and larger doses resulted in more rapid 
fatality. 

Despite the absence of a demonstrable 
glomerular lesion, certain physiologic con- 
siderations *° indicate that an alteration of 
the basement membranes of glomerular 
tufts, allowing for an abnormal degree of 
protein filtration, most likely exists in the 
nephrotic state produced by aminonucleo- 
side. The increased tubular reabsorption of 
protein evidenced by the macroscopic and 
microscopic appearance of the kidneys after 
the injection of Evans blue dye precludes 
the consideration that the proteinuria ob- 
served in aminonucleoside nephrosis is the 
result of primary tubular dysfunction, since 
the results are unlike that after the injection 
of such tubular toxins as uranyl acetate * 
or mercury bichloride. Further, the distri- 
bution of dye in aminonucleoside nephrosis 
is similar to that noted in rats with the 
nephrotic state induced by the injection of 
anti-rat-kidney rabbit serum *! in which 
definite alterations of the glomerular base- 
ment membranes may be easily recognized. 
In the light of the recent studies by 
Farquhar and associates,” it appears likely 
that such a lesion of glomerular basement 


TABLE 2.—Comparison Due to Anti-Rat-Kidney Rabbit Serum 
(NTS) and Aminonucleoside (AN) 


membranes or podocytes might be appreci- 
ated in preparations examined by ultra- 
microscopic techniques. These investigators 
noted alteration of glomerular podocytes 
and basement membranes in sections of 
kidney from a patient with the neph- 
rotic syndrome by electron microscopy, al- 
though glomerular lesions were not apparent 
with light microscopy. 

The depletion of mitochondrial elements 
and respiratory enzymes within the epithe- 
lial cells of the proximal convoluted tubules 
and ascending limbs of Henle is similar to 
that observed in rats with the nephrotic 
syndrome induced by injection of highly 
potent and anti-rat-kidney rabbit serum.® It 
appears highly significant that the degree of 
depletion could be correlated with the degree 
of proteinuria experienced by these animals. 
The failure of aminonucleoside to alter the 
oxygen consumption of kidney slices from 
normal rats in vitro further indicates that 
the depletion of these enzymes is not the 
result of a direct tubular effect of this 
drug.4® This information suggests that the 
reduction of these enzymes may represent 
either incomplete “exhaustion” due to in- 
creased tubular reabsorption of protein 
which occurs during the nephrotic state or 
represent a “toxic’’ effect of protein per se. 
The presence of a normal distribution and 
appearance of these enzymes and mitochon- 
dria in animals which have survived the 


NTS* 


AN 


Nature of reaction Antigen-antibody Toxicity 
Method of production 1 injection Multiple injections 
Onset of teinuria Immediate 6-14 days ft 
Degree of proteinuria 200 mg/18 hr. 100-200 mg./18 hr. 
Body weight Increased No increase or loss ¢ 
Ascites Massive Massive ¢ 
Azotemia Slight to moderate Moderate to severe ¢ 
Hyperlipemia Marked Marked ¢ 
Hypoproteinuria Moderatel Moderately severe 
Serum electrophoresis Albumin dec.; =-globulin ine. Albumin dec.; a-globulin inc. 
Glomerular changes Altered basement membrane microscopy) 
‘Tubular changes Casts, hyaline droplets Casts, h 
Depletion of tubular enzymes Cytochrome oxidase and succinic dehy- succinic dehy- 
genase drogenase 
Depletion of mitochondria Yes 
Lipid in tubular epithelium Cholesterol, neutral Neutral only 
— —- n of protein (Evans Increased Increased 
ue 
Survival after onset of nephrosis 65%-80% 5%-100% 
Healed stage Morphologic alteration residual 


* Injection of ay potent serum. 
+t Depends on dose. 
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nephrotic state signifies the reversibility of 
these changes. 

The lack of alteration in tubular lipase 
and nonspecific esterase in nephrosis in- 
duced by aminonucleoside is also similar to 
that observed after the injection of nephro- 
toxic serum ® and supports recent observa- 
tions **** relating the hyperlipemia of the 
nephrotic state to abnormalities of renal 
excretory rather than enzymatic or hor- 
monal function. 

A comparison of the various clinical, 
biochemical, and morphologic features of 
the nephrotic states induced by anti-rat- 
kidney rabbit serum and aminonucleoside 
is tabulated in Table 2. The lack of ap- 
parent glomerular alteration in aminonucle- 
oside nephrosis undoubtedly accounts for 
the failure to encounter “healed” lesions as 
in nephrotoxic serum nephrosis. The great- 
er degree of proteinuria in the latter may 
also be related to the more apparent mem- 
branous alteration found in with 
nephrotoxic serum nephrosis. In the light 
of recent studies cited, it is most likely 
that the greater degree of hyperlipemia in 
rats with nephrotoxic serum nephrosis is 
the result of severer proteinuria experienced 
by these animals. The greater fatality rate 
and relative or absolute loss of body weight 
induced by aminonucleoside in the absence 
of relatively significant anatomical altera- 
tions in the kidney suggests that this agent 
may exert other toxic action or that the dis- 
ease state produced by its administration 
may be accompanied by other unrecognized 
metabolic or enzymatic abnormalities, as sug- 
gested by Fiegelson and associates.* Despite 
the differences between the nephrotic states 
induced by aminonucleoside and by nephro- 
toxic serum, the indicate the 
effectiveness of the two diverse agents in 
producing the nephrotic state in rats—a 
situation which is comparable to the varied 
etiologies which may be responsible for the 
nephrotic syndrome in man. 


similarities 


Summary 


Appropriate doses of aminonucleoside 
(0.003 ml. of a 0.5% aqueous solution per 
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gram subcutaneously for nine days) con- 
sistently produced nephrosis in mature rats, 
characterized by massive proteinuria, hypo- 
proteinemia, hyperlipemia, and ascites. The 
severity of the disease was reflected by a 
fatality of 81° within one week after its 
onset. Complete clinical, biochemical, and 
morphological recovery was noted in four to 
five weeks in surviving animals. Smaller 
doses (0.0015 ml. per gram) of the drug 
produced the complete nephrotic syndrome 
less consistently, although survival and _re- 
covery was 100%. The largest dose of 
aminonucleoside tested (0.006 ml. per gram) 
also consistently produced nephrosis but 
with death 
within one week after onset. 


was associated of all animals 

The renal lesion produced by aminonucle- 
oside is characterized by tubular dilatation, 
hyaline casts, and hyaline droplets within 
tubular epithelium. Significant glomerular 
change was not appreciated in sections ex- 
amined by light microscopy, although the 
degree of proteinuria, tubular lesions, and 
results of studies concerned with the tubular 
reabsorption of protein strongly suggest the 
presence of some alteration of the glomeru- 
lar filtration apparatus. 


Depletion of histochemically demonstrable 
succinic dehydrogenase and cytochrome oxi- 
dase and reduction of mitochondria was 
observed in cells of the proximal convoluted 
tubules and ascending limbs of Henle in 
rats with aminonucleoside nephrosis. The 
oxygen consumption of kidney slices from 
these rats was similarly depressed. The 
degree of histochemical alteration of these 
enzymes could be correlated with the sever- 
ity of proteinuria. mechanisms 
accounting for this enzymatic change are 
discussed. 


Possible 


The clinical, biochemical, and morphologic 
findings in the nephrotic states induced by 
the administration of aminonucleoside and 
highly potent anti-rat-kidney rabbit serum 
are compared. 

Mr. John Colowit provided technical assistance. 

Department of Pathology, Veterans’ Administra- 
tion Hospital, University Drive (40). 
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Vascular Shunts 


This report deals with a very unusual 
disorder of the pulmonary circulation 
characterized by the presence of striking 
proliferative and obliterating intimal altera- 
tions affecting small vessels of the lung. 
Such disorders of the small vessels of the 
lesser circulation are very rare and have 
been infrequently outlined in the American 
literature. The cases under discussion have 
one common denominator, namely, the find- 
ing of “shunts” between muscular pul- 
monary arteries and small vascular channels 
resembling veins. We feel, as will be sub- 
sequently outlined, that when such “shunts” 
undergo obliteration, the circulatory dy- 
namics are sufficiently upset to cause cardio- 
respiratory failure and death. 


Report of Cases 


Case 1—A 13-month-old white girl was admitted 
to the hospital for the second time, having been 
diagnosed as having bronchitis 
congenital heart disease. 


associated with 
The child was born after 
an uncomplicated pregnancy, and the birth weight 
was 7 lb. 4 oz. When the baby was 7 days of age 
the mother noted rapid respirations and some 
cyanosis. At age 3 months there occurred a severe 
bout of cyanosis, unconsciousness, and very slow 
respirations. A diagnosis of 


heart disease was made. 


possible congenital 


The first hospital admission was at age 7 months, 
for cardiac evaluation. The heart was enlarged by 
percussion to the left midclavicular line. There 
was a soft blowing systolic murmur heard best in 
the left third or fourth interspace, with transmis- 
sion to the apex. Chest x-ray showed bilateral 
ventricular enlargement. ECG showed right 
ventricular hypertrophy and possible left ventric- 
ular hypertrophy. 


Submitted for publication Oct. 4, 1957. 

Present address of Dr. Hufner: 679 S. Westlake 
Ave. (57). Pathologist, Huntington Hospital (Dr. 
McNicol). 
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On the final admission the infant had 
“cold” for three weeks. During these three weeks 
there had occurred three episodes of cyanosis and 
irritability and she was eating poorly. 


had a 


She was 
afebrile. Physical examination was as on the first 
admission. Seventeen hours after 
respirations ceased. 


admission 


Gross Autopsy Findings—Slight lip cyanosis 
was present. The heart weighed 90 gm. There 
were a defect of the membranous interventricular 
septum 0.4 cm. in diameter, a bicuspid aortic valve, 
and marked right ventricular hypertrophy, with 
dilatation of the pulmonary artery and its main 
branches. The foramen ovale admitted a slender 


probe, and the ductus arteriosus was virtually 
obliterated. The lungs were crepitant, and no 
evidence of congestion, edema, hemorrhage, or 


pneumonia was found. The remaining organs, in- 
cluding the brain, were unremarkable. 

Case 2.—A 22-month-old white girl was admitted 
to the hospital with a history of repeated “fainting 
spells” for approximately four weeks. During the 
last two episodes she had apparently been uncon- 
scious for several minutes. 

The infant had been fed solid foods until aged 
5 months but had been fed virtually milk alone 
since then. There were no previous illnesses. 
Physical examination revealed pallor and a degree 
of malnutrition. 

Hemoglobin was 5.8 gm. per 100 cc.; erythro- 
cytes were 3,200,000 per cubic millimeter. There 
was 1+ albuminuria. 

On the second hospital day a blood transfusion 
of 220 cc. was begun slowly. Two hours later a 
occurred. Respirations became 
gasping, and death ensued rapidly. Repeat com- 
patibility tests revealed no incompatibility. 

Gross Autopsy Findings—The right subclavian 
artery originated from the aortic arch on the left 
below the origin of the left subclavian artery and 
crossed to the right behind the esophagus. 

The heart weighed 80 gm. The ductus arteriosus 
was closed; no septal defects were present. The 
right ventricle was markedly hypertrophied, and 
the endocardium, normal. There was coagulated 
milk in both main bronchi and in the trachea. 


fainting episode 
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Approximately 20 cc. of ascitic fluid was present. 
The remaining organs, including the brain, were 
unremarkable. 

Case 3.—An 11l-month-old white girl was ad- 
mitted to the hospital for elective repair of a 
congenital harelip. 

At birth the infant manifested numerous con- 
genital abnormalities, among which were harelip, 
left complete cleft palate, and meningomyelocele 
with spina bifida. 

The infant showed gradual but progressive 
weight gain and development. A previous admission 


Figs. 
vascular radicles. 
duced about 40% 


from mag. 


X 60. 


1-6.—Medium-sized artery, illustrating obliteration of the lumina of 
One vessel in subserial sections is shown. 


at age 4 months for repair of the harelip resulted 
in deferment of surgery because of difficulty in 
intubation during anesthesia. 

Since the first admission the infant had had 
frequent colds, chickenpox, and, more recently, 
seborrheic dermatitis with a yeast infection of the 
skin. 

Physical examination showed bilateral colobo- 
mata, with minimal visual acuity, unilateral cleft 
lip, and Grade 4 cleft palate. 

The pulse rate was 100. Systolic murmurs were 
heard over the mitral, aortic, and pulmonic areas. 


secondary 
Van Gieson-elastica stain; re- 
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Fig. 7.—Cellular in- 
timal proliferation be- 
tween artery and dilated 
thin-walled 
channel. 
and eosin 


vascular 
Hematoxylin 


The apex beat was outside the limits of normal. 
The lungs were normal. 

There was a lumbar meningomyelocele, with 
spasticity of the lower limbs with paresis. 

Urinalysis showed a trace of albumin. The 
hemoglobin was 12.6 gm. per 100 cc.; the white 
blood cell count, 22,700, with 58% neutrophils, 
and there were 4 nucleated red blood cells per 100 
white blood cells. 

The harelip was repaired uneventfully, but on 
the first postoperative day the temperature rose to 
103 F (rectal), and the infant died on the follow- 
ing day. 

Gross Autopsy Findings —The above-listed con- 
genital anomalies were noted, and, in addition, 
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there was bilateral dislocation of the hips. The 
meningomyelocele contained nerve filaments and 
100 cc. of clear colorless fluid. 

The heart weighed 74 gm. The left and right 
ventricles measured 0.6 and 0.8 cm. in thickness, 
respectively, indicating a marked right ventricular 
hypertrophy. The foramen ovale admitted a slender 
probe. 

There was a 1.5 cm. interventricular septal de- 
fect in the area of the septum membranaceum. 
The ductus arteriosus was widely patent. The 
valves were normal. 

The 


Some curdled 


subcrepitant. 


lungs 
milk was present in the larynx and trachea. 


were 


Fig. 8.—Intimal plaque 
in artery adjacent to ob- 
literating channel. Note 
dilated channels rimming 
the area. Hematoxylin 
and eosin. 
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Fig. 10—Arterio- 
sclerotic vessel with 
branch showing endothe- 
lial proliferation 
distal thin-walled 
nels. Hematoxylin 
eosin. 


and 
chan- 
and 


The remaining organs were unremarkable, with 
the exception of the brain, which displayed an 
internal hydrocephalus, and the ileum showed a 
diverticulum 1 cm. in diameter. 


Histologic Examination 


Examination of the lungs of all three 
cases revealed similar findings and forms 
the basis of this report. Similar vascular 
changes were not observed in the other 
organs. The lesions involved small muscular 
arteries. The larger branches of the pul- 
monary vasculature showed no significant 
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Fig. 9%—A_ complex 
fibrocellular lesion com- 
municating with an art- 
ery. Hematoxylin and 
eosin. 


alterations. The arteries of approximately 
1 to 2 mm. in diameter gave off branches 


which in turn led into smaller ramifications 


which showed extreme endothelial prolifera- 


obliteration. This obliterative 
process is illustrated in Figures 1 to 6 (Case 
1). Distal to this occlusive process the 
elastica disappeared entirely and the vessel 
media thinned, only to give rise to a second 
occlusive proliferation of endothelial type 
cells which some have termed “glomoid” 
(Fig. 7 [Case 3]). Yet more distally, the 


tion and 
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vessel entered into a series of dilated thin- 
walled channels, giving the area an angioma- 
tous appearance, (Fig. 8 [Case 2], Fig. 9 
[Case 3], Fig. 10 [Case 3]). Although 
these channels in limited serial sections 
could not be traced to true veins, they were 
in very close proximity to them. The 
arteries were always peribronchial in loca- 
tion, and the pattern was very constant. 
The original branching artery appeared to 
have given off several occluded branches, all 
displaying the above histologic alterations. 
There was no inflammatory component, and 
although agonal thrombus material may 
have been present in the lumen, stages of 
organization were not seen. Other small 
vessels usually showed medial hypertrophy 
and intimal fibrosis. Within the areas of 
endothelial proliferation no hematogenous 
blood pigment was found. 


Comment 

Aside from the distinctive morphology 
and obscure morphogenesis the lesion is of 
interest from two other standpoints—the 
relationship, if any, to experimentally 
demonstrated pulmonary arteriovenous 
shunts and the relationship, cause or effect, 
to primary and secondary pulmonary hyper- 
tension. 

Many publications as far back as at least 
1924 have illustrated this lesion, usually in 
single case reports.'| Although a few cases 
are associated with the syndrome of primary 
pulmonary hypertension,?*** the majority 
have been accompanied by one of three 
cardiovascular defects, i. e., patent ductus 
arteriosus, interventricular septal defect, 
and interatrial septal defect, and thus may 
be termed cases of secondary pulmonary hy- 
pertension.?‘*43 Case 3 in our series ob- 
viously falls into the secondary group, and 
Case 2, into the primary group. Case 1 is 
equivocal, since such a small interventricular 
septal defect (4 mm. in diameter) is usually 
considered of minor clinical consequence. 

Although pulmonary arteriosclerosis and 
similar obstructive pulmonary lesions have 
been produced experimentally,’** no lesions 
resembling the obliterative phenomena herein 
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reported have been illustrated. Some authors 
have produced experimental pulmonary 
arteriosclerosis through the intravenous in- 
jection of blood clots.1*15 The possibility of 
such an embolic pathogenesis for the lesion 
under discussion has not been considered 
seriously by the majority of those studying 
it, and in this we concur. The uniformity 
of appearance, including vessels involved 
and absence of stages of organization, 
militate against this concept, and sources of 
emboli were not found. 

Additional evidence challenging this con- 
cept is contained in a report dealing with 
the production of severe arteriosclerosis of 
small pulmonary vessels merely by injection 
of air into the veins of animals. Thus the 
theory of organization of blood clots need 
not be invoked, and the elements of spasm 
and distention enter the picture. In view 
of the complete absence of an inflammatory 
reaction in either the involved vessels or 
their adventitia, an infectious etiology would 
seem very unlikely. 

Most reports either have been obscure 
as to pathogenesis or have favored a me- 
chanical method of production. Concerning 
the latter, Edwards proposes that a loss of 
reserve in the pulmonary system, a system 
already characterized by medial hyper- 
trophy, results in a_ right-to-left shunt 
secondary to which (in cases of congenital 
heart disease) fibrous intimal proliferation 
occurs as a second attempt to balance the 
circulation. The “glomoid” proliferation he 
sees as a possible reaction of endothelium 
to an irritant within the wall, i. e., hyalinized 
or fibrinoid material. His experience indi- 
cates that a time factor is necessary for 
their production and that they are rare 
under the age of 2, although all three of 
our cases are under this age. Regarding 
cases of primary pulmonary hypertension, 
the retention of the thick medial muscle of 
fetal arterioles may be the basic factor in 
initiating right ventricular hypertrophy, as 
described by Edwards, in 1950."* 

Major interest of other authors ***:*? has 
centered about the possibility that these 


Vol. 65, May, 1958 


MICROSCOPIC PULMONARY VASCULAR SHUNTS 


lesions represent arteriovenous shunts un- 
dergoing obliteration. Spencer * has reported 
tracing the dilated thin-walled channels to 
pulmonary veins. Brewer,® although tracing 
them in one of many serial sections to a 
vein, does not believe them to be arterio- 
venous shunts. Edwards ™ has not been able 
to trace these obliterated vessels to veins 
and likewise does not believe them to repre- 
sent such shunts. 

The existence of pulmonary arteriovenous 
shunts in normal lungs has been neglected 
until reports by several authors using in- 
jection techniques clearly showed them to 
be present in animal and human lungs. 
Using a method of injecting glass beads into 
pulmonary arteries of human lungs, Tobin 
and Zariquiey **:** confirmed animal experi- 
ments of Prinzmetal *° and others in which 
spheres up to 500» in diameter were re- 
covered from the pulmonary veins. Plastic 
injections indicated no shunts at the hilum 
but their presence at apices of lobular sub- 
divisions and in the pleura. 

Niden and 
Aviado** on dogs confirmed shunts up to 
420». In their experiments concerned with 
the effects of pulmonary embolism on the 
pulmonary circulation they noted that 


Similar experiments by 


anoxemia was a conspicuous feature. They 
postulated that this anoxemia was caused by 
opening of preexisting arteriovenous com- 
munications and that the early relief of 
anoxemia noted in the experiments was 
brought about by their closure. 


Some doubt has been cast upon the glass- 
sphere experiments by others.27?5 Thus, 
further experimental work is necessary to 
establish the presence or absence of these 
shunts before the lesions under discussion 
can be fully understood in such a light. 

Regarding the enigma of primary pul- 
monary hypertension, acceptable reports on 
infants illustrating the lesions herein de- 
scribed number very few in a fairly ex- 
tensive survey of the literature.5* The vast 
majority of reports of primary pulmonary 
hypertension illustrate only medial hyper- 
trophy with or without intimal sclerosis.1°*" 
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We have attempted in this paper to cor- 
relate our morphologic observations involy- 
ing the pulmonary circulation with clinical 
findings and experimental physiologic 
studies. The pathology of the lesion under 
discussion involves medium-sized muscular 
branches of the pulmonary artery. It con- 
sists of the presence of “shunts” between 
these vessels and smaller nonmuscular 
vascular channels, which in our studies can- 
not be shown to communicate with veins on 
the basis of almost 100 serial sections. 
Two conclusions could be drawn in this 
respect. First, the “shunts” in reality are 
blindly ending pseudoangiomatous collat- 
erals ; second, beyond the point of oblitera- 
tion the “shunts” collapse and become 
venules. We favor the latter interpretation 
in view of the experimental evidence in- 
volving perfusion studies of the lesser cir- 
culation outlined above. 

The etiology of this condition is obscure. 
In cases under discussion a congenital factor 
seems difficult to eliminate, since all three 
cases had varying types of associated con- 
genital malformations. An infectious or 
postinfectious etiology seems highly un- 
likely in view of the absence of any active 
inflammatory reaction and, secondly, the 
absence of fibrosis, hyalinization, or other 
stigmata of the inflammatory process. It 
would appear more likely that this entity 
represents a disturbance in the physiologic 
pathology of pulmonary “arteriovenous 
shunts” with associated vascular reaction, 
possibly of the type described by Edwards, 
with obliterative changes and eventual right- 
heart hypertrophy and failure. The occur- 
rence of the condition in three children 
under 2 years of age is of interest in light 
of other observations in the literature, most 
of which involve older children and young 
adults. 


Summary 
Three cases are presented of a distinctive 
endoarterial obliterative vascular lesion in 
the lungs of infants showing at necropsy 
pronounced right-heart hypertrophy with 
and without congenital heart disease. 
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The obscure nature of these lesions and 
their relationship to possible arteriovenous 
anastomosis and to the syndrome of primary 
pulmonary hypertension are discussed. 

The 
United 


medical illustration section of the First 
States Army Medical Laboratory, 90 
Church St., New York 7, provided the photo- 


micrographs of Cases 2 and 3. 
(Dr. MeNicol). 
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Several experimental methods have been 
employed to produce fibrinoid lesions in 
rabbits. These include the intravenous ad- 
ministration of Gram-negative endotoxin,)* 
alone or in association with the administra- 
tion of other substances, such as cortisone," 
colloidal iron or carbon,‘ trypan blue,® 
streptococci,® or high-molecular- 
weight acidic polymers, such as sodium 
polyanetholsulfonate (Liquoid).** 

One of the characteristic changes pro- 
duced by these procedures is bilateral renal 
cortical necrosis, and this lesion has been 
termed the “identifying” gross lesion of the 
generalized Shwartzman phenomenon.’ The 
development of this lesion appears to be due 
to obstruction of the renal glomerular capil- 
laries by an acidophilic homogeneous ma- 
terial with the tinctorial properties of 
fibrinoid. Hyaline material with similar 
morphologic and tinctorial features occurs 
also in the splenic sinusoids, in the hepatic 
veins, in the pulmonary arteries, and within 
the walls of the coronary arteries and sub- 
stance of the cardiac valves.?5.10% 

The similarity of these experimental 
fibrinoid lesions to the lesions found in 
human systemic fibrinoid diseases has been 
emphasized in other papers.'*"® The lesions 
of radiation nephritis, described by 
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Influence of Abdominal Radiation on Response of 
Rabbits to Intravenous Endotoxin 


BRUCE W. JARVIS, M.D.; WAYNE H. SCHRADER, B.A., and JOEL G. BRUNSON, M.D., Minneapolis 


and 


Zuelzer,4* Smith,’ and Dean, the 
morphologic changes observed in three re- 
cent cases of radiation nephritis examined in 
the University of Minnesota Department of 
Pathology suggested that the administration 
of endotoxin to irradiated rabbits might pro- 
duce similar renal lesions. The present 
paper describes the lesions produced in 
rabbits by this method. 


Materials and Methods 


Two hundred hybrid albino rabbits of both 
sexes, weighing 1 to 1.5 kg., were used in the 
experiments. They were fed Purina Rabbit Pellets 
and had free access to water. 

Radiation was provided by a General Electric 
Maximar operated at 220 kv. and 15 ma, with a 
cone having an area of 100 sq. cm. at a focus-skin 
distance of 50 cm. A filter of one-fourth copper 
was employed, giving a half-value layer of 0.95 
mm. of copper. The machine was calibrated by 
Victoreen Meter No. 378 and produced 67 r in 
air per minute. The depth dose to the kidneys 
at a depth of 4 cm., calculated on a basis of 100 
sq. cm., was 95 tissue roentgens for each 100 r in 
air,” or 63.7 tissue roentgens per minute. 

The rabbits were prepared by radiation to the 
abdomen, with the edge of the cone at the level 
of the costal margin. The cone covered approxi- 
mately 80% of the abdomen. The animals were 
tied to a board, with their abdomens toward and 
perpendicular to the central beam of the x-ray 
tube during radiation. The field of radiation 
included the liver, the spleen, the kidneys, the 
gastrointestinal tract, the adrenals, and the lateral 
portions of the bases of both lungs. A single dose 
of x-ray was used on each animal. Direct radia- 
tion to the heart and as much of the lungs as was 
possible was avoided. 

In conjunction with irradiation, at varying 
intervals of time, each of the animals was given a 
single intravenous injection of Gram-negative 
endotoxin. Appropriate controls were used in each 
instance. The number of animals used in the 
experiments and the various procedures carried 
out are summarized in the accompanying tables. 
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Taste 1.—Incidence of Fibrinoid Lesions in Rabbits Given Intravenous Endotoxin 
After 300 R in Air to the Abdomen 


Microscopic Lesions 


r., No. Kidney Spleen Liver Heart 


Procedures 


Hir. Between Animals, No. Dying Within 
121 


0 0 


1 


3 


2 1 


Controls (300 r in air 
without toxin) 8 0 


Meningococcal endotoxin was used throughout 
the experiments. The details of its preparation 
have been reported previously.® It was diluted The results are summarized in Tables 1- 
1:80 with sterile, pyrogen-free, isotonic saline solu- 4. Irom these Tables it may be seen that 


tion and injected in a volume of 2 ce. into the with dosages of 300 or 600 in air followed 
marginal ear vein of the rabbits. The animals died 


by endotoxin there were no acute deaths. 
or were killed 24 hours after the last procedure H h h — . 

performed. Postmortem examinations were per- mt animals were given 
formed, and the tissues were fixed in 10% neutral endotoxin in conjunction with 1200 r in air, 


Results 


Taste 2—Incidence of Fibrinoid Lesions in Rabbits Given Intravenous Endotoxin 
After 600 R in Air to the Abdomen 


| 


Microscopic Lesions 
Hr. Between Animals, No Dying Within 


Procedures 12 Hr., No. Kidney Spleen Liver 


Heart Lung 


2 
1 


0 


1 


s 2 


Controls (600 r in air 
without endotoxin) 


formalin. Sections were taken from the kidneys, 8 of 32 animals died within 12 hours after 


spleen, liver, pancreas, adrenal glands, skeletal administration of the toxin, and of th 
muscle, heart, lungs, and intestines. These were 


: , given 2400 r in air, 5 of 32 died within 12 
stained routinely with hematoxylin and eosin, but 

many additional sections were stained by the hours after endotoxin was given. It is of 
periodic acid-Schiff method, Mallory’s phospho- ‘terest that in each of these groups the 
tungstic acid hematoxylin, and toluidine blue. greatest incidence of deaths occurred when 


TasLe 3.—Incidence of Fibrinoid Lesions in Rabbits Given Intravenous Endotoxin 
After 1200 R in Air to the Abdomen 


Microscopic Lesions 


12 5 3 8 2 
is 8 1 4 6 3 2 2 
24 8 0 6 8 4 3 z 
48 2 4 6 4 
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12 0 2 4 3 
is 8 0 2 5 2 
24 0 0 3 3 
: 48 8 0 0 2 2 2 1 
12 8 0 5 1 2 
see 18 8 0 1 0 I 4 
24 12 0 ee 9 
3 48 8 0 0 3 2 1 3 
0 0 0 0 1 
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TABLE 4.—Incidence of Fibrinoid Lesions in Rabbits Given Intravenous Endotoxin 
After 2400 R in Air to the Abdomen 


Microscopic Lesions 


Kidney Spleen Liver Heart Lung 
12 s 3 4 7 3 1 2 
18 s 0 7 § a 4 5 
24 8 1 2 7 2 1 3 
45 8 1 2 3 2 4 2 


Controls (2400 r in air 
without toxin) 


the interval between radiation and admin- 
istration of endotoxin was 12 hours. It is 


also of interest (Table 4) that two animals 
of a control group of eight given 2400 r in 
air died within 12 hours after irradiation. 


TABLE 5.—Comparison of Results Obtained by Varying the Interval Between Injection 
of Endotoxin and Different Dosages of Irrad 


the 
to 


hyaline material stained magenta by 
periodic acid-Schiff method, purple 
orange-purple with phosphotungstic acid 
hematoxylin, and blue when stained with 
toluidine blue. Its morphologic and tinctorial 


latio 


Initia] Procedure, Interval, 2d Procedure Animals, 

R in Air Hr. No. 

300 18 Texin 
600 pa Toxin 12 
1,200 24 Toxin s 
2,400 1s Toxin 
Toxin a4 1,200 r in air s 
1,200 None No toxin . 


Gross Renal 
Cortical Microscopic Fibrinoid Lesions 
Necrosis, ~— 
No. Kidney Spleen Liver Heart Lung 
1 2 5 3 1 2 
2 6 2 
4 6 s 4 3 6 
0 7 s 4 4 5 
0 0 3 0 0 2 
0 l 0 0 0 


The morphologic changes observed in the 
animals were similar in all groups but 
varied extensively in incidence, as shown in 
Tables 1-4. At each dose range of x-ray, 
the interval after which endotoxin was 
given appeared to alter the number of 
animals which developed lesions. In those 
given 300 r in air, for example, a greater 
number of animals developed lesions when 
the interval between x-ray and endotoxin 
was 18 hours. In the groups given 600 or 
1200 r in air, the optimal interval was 24 
hours, while in the group given 2400 r in 
air it was 18 hours. For comparison pur- 
poses, these optimal groups are summarized 
in Table 5. 

The gross renal lesion consisted of bi- 
lateral cortical necrosis, strikingly similar 
to that observed in the generalized Shwartz- 
man phenomenon. Microscopically, the 
glomerular capillaries were occluded by 
masses Of homogeneous acidophilic hyaline 
material, and there was extensive hemor- 
rhage and tubular necrosis (Fig. 1). The 
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showing a 
glomerulus with fibrinoid material which occludes 
the capillaries. From a rabbit given 1200 r in air 
followed by endotoxin in 48 hours. Killed 24 hours 
after endotoxin. Hematoxylin and eosin; reduced 


Fig. 1—Section of a_ kidney, 


about 12% from mag. X 450. 
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features, therefore, were similar to those of 
the hyaline fibrinoid material which occurs 
in the generalized 


Shwartzman phenom- 
2.7.9 


In many animals no gross renal changes 
were observed, but microscopic examination 
showed that varying numbers of glomeruli 
contained fibrinoid material. In some 
glomeruli the material was closely applied to 
the capillary basement membranes, produc- 
ing a thickening which resembled the “wire 
loops” of disseminated lupus erythematosus. 
In other glomeruli there were focal intra- 
luminal accumulations of fibrinoid. Many 
of the glomeruli in these animals appeared 
enlarged and hypercellular, with an in- 
creased number of endothelial cells. In ad- 
dition, it was observed that fibrinoid material 
was present in the lumens and walls of many 
of the interlobular and afferent 
arterioles. These vessels were occasionally 
completely occluded by intraluminal masses 
of this material (Fig. 2). 


arteries 


Fig. 2—Section from a kidney stained by the 
periodic acid-Schiff method, showing an _inter- 
lobular artery with Schiff-positive fibrinoid ma- 
terial in the walls and lumen. Deposits of 
fibrinoid material are also evident in the glomerulus. 
From a rabbit given 1200 r in air followed by 
endotoxin in 24 hours. Reduced about 12% from 
mag. X 100. 
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Gross examination of the spleen disclosed 
enlargement and, generally, an increased 
firmness. In occasional spleens single or 
multiple infarcts were present. Microscop- 
ically, large amounts of homogeneous hya- 
line material were present throughout the 
splenic sinusoids. This material was similar 
in staining reactions to that described in the 
kidneys. 

The lungs grossly showed no consistent 
changes, although hemorrhages were ob- 
served occasionally. Microscopically, small 
and large pulmonary arteries showed the 
presence of thrombi or emboli composed of 
hyaline material with varying admixtures 
of erythrocytes and leukocytes (Fig. 3). In 
an occasional animal, similar-appearing ma- 
terial was observed beneath the endothelium 
of the pulmonary arteries. 

The hearts grossly showed no alterations. 
Microscopically, scattered areas of muscle 
necrosis and hemorrhage, with an associated 
cellular of mononuclear and 
heterophilic cells, were observed frequently 


reaction 


Fig. 3.—Pulmonary artery which contains intra- 
luminal thrombus er embolus in which there are 
numerous enmeshed erythrocytes and leukocytes. 
From a rabbit given 1200 r in air followed by 
endotoxin at 48 hours. Hematoxylin and eosin; 
from mag. X 200. 


reduced about 12% 
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Fig. 4.—Section of the heart from a rabbit given 
2400 r in air followed in 18 hours by endotoxin. 
There is extensive myocardial necrosis and in- 
flammatory cellular reaction. Hematoxylin and 
eosin; reduced about 12% from mag. * 250. 


Fig. 6—Section of the liver from a_ rabbit 
given 1200 r in air followed by endotoxin 18 hours 
later. The section shows an area of extensive 
coagulative necrosis. Hematoxylin and eosin; re- 
duced about 12% from mag. X 65 


Fig. 5.—Section from the mitral valve which 
shows extensive deposition of fibrinoid material in 
its substance; from a rabbit given 2400 r in air and 
endotoxin 18 hours later. Hematoxylin and eosin; 
reduced about 12% from mag. X 250. 


Fig. 7.—Section of the liver from another animal 
given 2400 r in air followed by endotoxin in 18 
hours. The efferent vein shows the presence of a 
hyaline thrombus which appears to be covered by 
endothelium. Hematoxylin and eosin; reduced 
about 12% from mag. X 100. 
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(Fig. 4). Valvular hemorrhages were also 
observed occasionally. In conjunction with 
these changes, hyaline fibrinoid material was 
present beneath the endothelium of the 
intramural coronary arteries and in the 
substance of the valves (Fig. 5). In ad- 
dition, many of the arteries showed the 
presence of intraluminal hyaline material 
which was associated with endothelial pro- 
liferation. In other arteries no fibrinoid 
material was observed, but the intima and 
media of the vessels appeared edematous and 
vacuolated. 

No gross liver changes were noted, but 
areas of focal necrosis were seen frequently 
on microscopic examination. These areas 
of necrosis were surrounded by a cellular 
reaction which consisted predominantly of 
mononuclear cells. In many animals the 
areas of involved two or more 
lobules. In these areas the 
architectural pattern of the liver was pre- 
served, but there appeared to be complete 
ischemic necrosis of all elements (Fig. 6). In 
most of the animals, deeply acidophilic hya- 
line thrombi were present in efferent veins. 
These thrombi were similar to the hyaline 
material described in the kidneys, spleen, 
lungs, and heart and stained in a similar 
fashion (Fig. 7). 

No gross or microscopic changes were 
observed in the pancreas, adrenal gland, 
skeletal muscle, or intestinal tract. 


necrosis 
contiguous 


Comment 


Several previous papers have described in 
detail the morphologic changes in rabbits 
given Gram-negative endotoxin, alone or in 
conjunction with various other, apparently 
unrelated, substances. In each of these 
procedures diffuse vascular lesions, char- 
acterized by the presence of hyaline fibri- 
noid material, are produced in the kidneys, 
spleen, liver, lungs, and heart.’ 

In the present study it has been shown 
that entirely similar vascular lesions may 
be produced in rabbits given a single intra- 
venous injection of endotoxin after exposure 


to abdominal radiation. Bilateral renal 
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cortical necrosis, similar to that observed 
after two properly spaced injections of 
endotoxin, was observed also in the present 
experiments. 

In rabbits in which these vascular lesions 
are produced by conventional means, such 
as by two injections of endotoxin or a single 
injection of endotoxin in association with 
the administration of sodium polyanethol- 
sulfonate, the reaction is an uncontrolled one 
associated with massive deposits of fibrinoid 
material and the production of extensive 
areas of ischemic necrosis. Data obtained 
in the present studies suggest that the 
frequency, severity, and extent of such 
vascular lesions may be altered by modifying 
the amount of radiation or by varying the 
interval between irradiation and the ad- 
ministration of endotoxin. 

By appropriate methods, the incidence of 
renal vascular lesions closely approximates 
that observed after two properly spaced 
injections of endotoxin. Reference to Table 
5, for example, shows that of eight rabbits 
given endotoxin 18 hours after 2400 r in 
air, 87% developed renal fibrinoid lesions, 
100% developed splenic lesions, and 50% 
developed vascular lesions of the heart, liver, 
and lungs. A comparable number developed 
fibrinoid lesions when given 1200 r in air 
followed in 24 hours by an intravenous 
injection of endotoxin. It appears from 
these studies, therefore, that certain combi- 
nations of radiation and endotoxin may pro- 
vide a means of controlling the extent and 
severity of the vascular changes. 

Previous studies have indicated that fibri- 
noid material is deposited in sites of 
vascular damage or endothelial alteration. 
The observation that fibrinoid was present 
in the walls of the renal interlobular arteries 
and afferent arterioles in many animals in 
this series, without tubular necrosis, sug- 
gests that irradiation may produce localized 
changes in the vascular system which allow 
this material to be deposited. 

Except for the lateral bases of both lungs, 
which received direct radiation in some of 
the animals, the heart and lungs were ex- 
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cluded from direct radiation and received 
only scatter rays. It should be noted also 
that microscopic sections of the lungs were 
prepared from blocks from the upper lobes. 
The increased incidence of cardiac and 
pulmonary vascular lesions in animals given 
higher quantities of radiation is of interest. 
The fact that splenic fibrinoid lesions were 
observed in animals given large quantities 
of radiation alone is also of interest. These 
data suggest that, in addition to local vascu- 
lar effects, large doses of abdominal radia- 
tion may have widespread effects and may 
be associated with systemic vascular altera- 
tions which provide foci for the deposition 
of fibrinoid. 

The morphologic changes which are pro- 
duced by combinations of abdominal irradia- 
tion and Gram-negative endotoxin are 
similar to those produced by two injections 
of toxin and suggest that the action of ir- 
radiation may be similar to that of an 
intravenous injection of endotoxin. 

The mechanisms of action of endotoxin 
have not been clearly elucidated, although 
considerable information has been obtained 
in the past few years. It has been shown, for 
example, that a single intravenous injection 
of toxin is followed by the appearance of a 
cold heparin-precipitable protein fraction 
which appears to be an altered fibrin- 
This material, as well as total 
plasma fibrinogen, precipitously declines 
when one of the high-molecular-weight 
polymers such as sodium polyanetholsulfon- 
ate is given, and the decrease in these 
plasma protein fractions has been correlated 
with the development of vascular fibrinoid 
lesions.** These data indicate that fibrinogen 
is involved in the production or formation of 
fibrinoid or its precursors. This theory is 
further supported by the observation that 
fibrinoid lesions are prevented by large 
amounts of heparin.** Preliminary studies 
indicate that abdominal irradiation does not 
produce the heparin-precipitable fraction but 
that there are alterations in total plasma 
fibrinogen and that the lesions can be pre- 
vented by giving large amounts of heparin.** 
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Another factor to be considered in the 
development of such radiation-toxin lesions 
is the possible occurrence of anticoagulants 
after radiation.** The pathogenesis of the 
hemorrhagic state which occurs after severe 
radiation injury has not been adequately 
defined. It is felt by some investigators that 
hemorrhage is due to a decrease in the 
number of circulating platelets,2® and it has 
been shown that the amount of available 
heparin may be reduced after total-body 
radiation.2* However, it is possible that 
radiation may be associated with the produc- 
tion of anticoagulants similar to the high- 
molecular-weight polymers which combine 
with fibrinogen or altered fibrinogen to pro- 
duce vascular lesions. 

It is known that fibrinoid lesions similar 
to those described here may be produced in 
rabbits infected with Group A streptococci 
or pneumococci and given a single intra- 
venous injection of endotoxin. Therefore, 
the possibility that bacteremia may play a 
role in the development of the radiation- 
toxin lesions merits consideration. 

It has been shown by Warren and 
Whipple that bacteremia does not develop 
in dogs until after the fourth day of radia- 
tion.2* Studies by Vincent, Veomett, and 
Riley ® showed that bacteremia due to 
Gram-negative micro-organisms developed 
in rats on the third and fourth days after 
radiation. If these results are applicable 
to rabbits, it would then appear that the 
factor of bacteremia is not of great im- 
portance. Furthermore, it should be empha- 
sized that, in these studies, vascular lesions 
were present within 36 hours after radiation 
and that when endotoxin was given prior 
to irradiation the incidence of vascular 
fibrinoid lesions was no greater than that 
reported in animals given only a single 
intravenous injection of endotoxin.! Finally, 
it should be stressed also that vascular 
fibrinoid lesions were observed after en- 
dotoxin and irradiation in doses as low as 
300 r in air to the abdomen, and it is felt 
that higher dosages of radiation are neces- 
sary to produce a bacteremia. 
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Summary and Conclusions 


Diffuse vascular fibrinoid lesions were 
produced in rabbits by exposure to abdom- 
inal conjunction with the 
intravenous administration of Gram-nega- 
tive endotoxin. These lesions involved the 
kidneys, spleen, liver, lungs, and heart. The 
character and distribution of the lesions 
resembled that which occurs in the general- 
ized Shwartzman phenomenon. 


radiation in 


The frequency and distribution of the 
lesions varied with the quantity of radiation 
and the interval of time between radiation 
and administration of endotoxin. The data 
suggest that proper combinations of radia- 
tion and toxin may provide a method of pro- 
ducing controlled localized vascular fibrinoid 
lesions. The high incidence of diffuse lesions 
also suggests that, in addition to local effects, 
high quantities of abdominal irradiation may 
produce systemic vascular changes. Several 
possible mechanisms of action concerning 
the pathogenesis of the lesions are discussed. 


Department of Pathology, University of Minne- 
sota Medical School (14). 
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Carcinoma of the Liver with Clonorchiasis 


Report of a Case Presenting as Hematuria and Metastasis to Renal Pelvis 


WILLIAM F. LINGARD, M.D.; DOUGLAS W. HUESTIS, M.D., and JOHN T. MacLEAN, M.D., Pittsburgh 


In the differential diagnosis of hematuria, 
the possibility of primary carcinoma of the 
kidney is always taken into account. 
Although metastatic tumors of the 
kidney are not rare, tending to occur fre- 
quently from primaries characterized by 
hematogenous spread, these are usually 
located in the cortex of the kidney and are 
not commonly associated with renal signs 
and symptoms.’ The case to be presented 
is felt to be instructive on several counts. 
Firstly, the patient presented with hematuria 
and without other distracting complaints. 
Secondly, attention was drawn away from 
the possible presence of a tumor by the 
existence of a large staghorn calculus in the 
affected kidney. Finally, the 
tumor was only present within the renal 


metastatic 


pelvis, a very rare finding, and the primary 
hepatic carcinoma was associated with an 
infestation by the liver fluke Clonorchis 


sinensis. 
Report of Case 


A 60-year-old Chinese man was admitted to the 
Urology Service of the Royal Victoria Hospital 
with complaints of hematuria, dysuria, and 18 Ib. 
weight loss over the previous 10 months. He had 
been born in China but had lived in Canada since 
the age of 15 years. The history was otherwise 
noncontributory. Hematuria had been intermittent 
until two weeks before admission, at which time 
it became constant, with blood and clots in each 


urination. There had also been nocturia (three 
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or four times a night) for the preceding eight 
months. 

Physical examination revealed some tenderness 
in the left loin. The prostate was firm, of glandular 
consistency, and about double normal size. The 
liver was palpable 2 fingerbreadths below the right 
costal margin. No abdominal mass was felt. The 
hemoglobin was 14.5 gm/100 ml.; nonprotein 
nitrogen, 19 mg/100 ml. A sulfobromophthalein 
(Bromsulphalein) test indicated abnormal retention 
of the dye but was done postoperatively, and its 
significance is doubtful. The patient not 
jaundiced. Cystoscopy revealed a normal lower 
urinary tract. Retrograde pyelography showed the 
presence of a staghorn calculus, occupying the 
lower half of the left kidney. The pyelogram of 
the right side was normal. A survey type chest 
x-ray, done on admission, was negative. Left 
nephrectomy was decided on and carried out with- 
out complication. 

The kidney removed was externally unremark- 
able and of normal size and shape. When cut, it 
revealed a parenchyma which was hemorrhagic 
in places but other wise negative. The calyces 
were all moderately dilated, and a large staghorn 
calculus occupied the renal pelvis. The pelvic 
epithelium was thickened, gray, and blood-stained. 
In the lower part of the pelvis was an irregular 
friable mass of dark tissue, intimately associated 


was 


Fig. 1—Gross drawing of the kidney, showing 
the renal pelvis occupied by a staghorn calculus 
(to the left) and tumor mass (to the right). The 
tracing of the pyelogram shows the radiopaque 
calculus. 
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Fig. 2.—Structure of 
tumor mass in the renal 
pelvis, showing irregular 
plates and cords of cells 
with sinusoidal 
filled spaces. Hema- 
toxylin and eosin ; 
reduced 40% from mag 
< 660 


blood- 


with the calculus. When this mass was cut, it was 
seen to have a marbled gray and red-black struc- 
ture, with areas of necrosis. It measured roughly 
522 cm., and, although loosely adherent to the 
pelvic epithelium in some areas, it could not be 
shown grossly to have any direct continuity with 
the actual renal parenchyma (Fig. 1). The at- 
tached portions of ureter and blood vessels were 
normal. 

Microscopically, the kidney showed a 
chronic and acute pyelonephritis of non- 
specific type. The pelvic epithelium was 
inflamed and eroded, but there was no 
squamous metaplasia. Sections of the intra- 
pelvic mass bore a remarkable resemblance 
to well-differentiated liver tissue, complete 
with interlacing “plates” of epithelial cells 
and sinusoidal spaces lined by reticuloen- 


Lingard et al. 


dothelial-like cells and even containing 
blood (Fig. 2). To complete the similarity, 
there were clear-cut little intercellular 
canaliculi containing plugs of golden-brown 
bile-like pigment (Fig. 3). This pigment 
was negative to an iron stain but gave a 
positive histochemical reaction for bilirubin, 
(by the Stein procedure).2 No duct-like 
structures were seen. In some places this 
bile-forming tumor tissue replaced the pelvic 
epithelium, but nowhere could it be shown 
to invade the renal parenchyma. No tumor 
was found in the abundant subepithelial 
blood vessels or lymphatics. 

It was concluded that this was a metastasis to 
the renal pelvis from a well-differentiated liver- 
cell carcinoma. The possibility of a choristoma 


Fig. 3.—Detail ot 
tumor cells, showing bile 
plug slightly above center 
Hematoxylin and eosin: 
reduced 40% from mag. 
3600. 
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of liver tissue, arising in the kidney, was untenable 
on embryologic grounds. 

Chemical analysis of the calculus revealed a 
composition of apatite (60%) and struvite (40%). 

The patient made an uneventful recovery from 
his operation and was discharged on the 14th post- 
operative day. 

Three months later he was readmitted to the 
medical service with right upper abdominal pain, 
anorexia, jaundice, and light-colored stools. At 
this time, he was found to be emaciated and 
severely jaundiced, with coarse rales throughout 
the right lung. The liver was palpable 10 cm. 
below the right costal margin. The hemoglobin 
was now 6 gm/100 ml, and the white blood cell 
count, 22,000 per cubic millimeter. He deteriorated 
rapidly and died in a few hours. 

Autopsy Findings.—Autopsy was done 14 hours 
after death, and there was fairly severe autolysis 
of all tissues. The liver showed nodules of hepatic- 
cell carcinoma and a mild degree of portal fibrosis. 
It weighed 2475 gm. 
outside the liver 
C. sinensis. 


All biliary passages in and 
contained flukes identified 
These organisms were also found 
in the duodenum and stomach. There were gall- 
stones in the gallbladder and common duct. 
Metastatic tumor nodules were present in both 
lungs and adrenals, but no lymph nodes were in- 
volved. There was severe edema and congestion 
the lungs. The remaining kidney was un- 
remarkable except for a 


as 


of 


minute hemangioma. 
Other autopsy findings were not pertinent. 


Comment 


This man had been domiciled in Canada 
for 45 years, and it seems most likely that 
he had brought his liver flukes with him 
from his homeland. A more recent infesta- 
tion via imported Chinese raw-fish delicacies 
is possible but less probable. The com- 
monest of primary _liver-cell 
carcinoma, namely, portal fibrosis, was not 
a prominent feature in this case. No very 
clear relationship has ever been drawn be- 
tween the high incidence of liver-cell carci- 
noma in some groups of Orientals and the 
prevalence of clonorchiasis. Berman’s work 
in Africa suggests that diet may be a large 
factor.* Extensive work has been done on 
the carcinogenic effects of certain specific 
dietary factors, notably butter yellow,* and 
the diets of some Orientals apparently con- 
tain large amounts of 


precursor 


such substances. 
Liver tumors have also been reported in 


572 


A. 


M. A. ARCHIVES OF PATHOLOGY 


man and animals in cases of infestation with 
the fluke Opisthorcus felineus,>* which oc- 
curs in East Prussia, Russia, and Siberia. 
It is doubtful that the incidence of tumors 
in such infestations is more than coinci- 
dental, as with the schistosomes. At best it 
may be consequent to the irritative and 
fibrotic processes.* 

It is unusual for a liver-cell carcinoma to 
metastasize to the kidney or adrenal, the 
common sites being lung and lymph nodes. 
None of Edmondson’s* series had renal 
metastases and only six of Berman’s.* The 
spread in this case was evidently hematog- 
enous, as none of the body lymph nodes 
were involved. The lung nodules at autopsy 
were small, and the preoperative chest x-ray 
negative ; thus tertiary spread from the lungs 
is unlikely. 

Metastasis of any kind of tumor to the 
pelvis of the kidney is extremely rare. 
Hiickel, in 1934, cited only two cases in 
the literature, both of which originated from 
the prostate. In addition, he showed a 
photograph of a previously unpublished case 
of Lubarsch, in which an ovarian carcinoma 
had metastasized thus. Higgins’ review of 
47 tumors of the renal pelvis included no 
secondaries." The ureter also is a rare 
site of metastases, although not so much so 
as the renal pelvis, Scott having listed 38 
acceptable cases from the literature.’ 

In this particular case, it is interesting to 
speculate whether the presence of the stag- 
horn calculus and consequent inflammatory 
changes in the renal pelvis might have made 
it a more fertile bed for the growth of 
tumor cells than would otherwise have been 
the case. 

Summary 

A case is presented of an elderly Chinese 
man with primary carcinoma of the liver 
and metastasis to the renal pelvis. The latter 
lesion was associated with a staghorn cal- 
culus, and these combined to produce the 
presenting complaint of hematuria. There 
were no signs or symptoms of liver disease 
until shortly before death. Autopsy re- 
vealed, in addition to the carcinoma, a heavy 


Vol. 65, May, 1958 


‘ 
> 


CARCINOMA OF LIVER WITH CLONORCHIASIS 


infestation of the liver with Clonorchis 
sinensis. 


Dr. Fred Stewart, Pathologist, Memorial Center 
for Cancer and Allied Diseases, New York, and 
Dr. Hugh Edmondson, Professor of Pathology, 
University of 


California School of 
examined the original 


Southern 
Medicine, Los 
kidney slides. 


Angeles, 


Institute of Pathology, Western Pennsylvania 
Hospital (24) (Dr. Huestis). 
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RICHARD M. TORACK, M.D., New York 


Since Virchow noted the increase in size 
of the bronchial artery following pulmo- 
nary arterial occlusion,’ investigators have 
been debating the functional importance of 
these blood vessels, especially their relative 
importance in the pathogenesis of pulmo- 
nary infarction. Because Virchow could not 
produce infarcts experimentally by pulmo- 
nary arterial occlusion alone, he concluded 
that the bronchial artery could maintain 
the integrity of the lungs in these cases. 
Other workers following Virchow agreed 
with this conclusion,?* and it was generally 
accepted that a compromise of both pulmo- 
nary and bronchial circulations was neces- 
sary to produce an infarct. Pulmonary 
vascular congestion plus occlusion of the 
pulmonary artery, most often embolic, has 
been the commonest cause of such compro- 
mise. Since pulmonary vascular congestion 
is virtually always the result of left-sided 
heart failure, the concept was evolved that 
pulmonary infarcts in general did not occur 
in the absence of congestive heart failure. 
However, pulmonary infarcts in the absence 
of congestive heart failure have been noted 
periodically. Pleural effusion was stated to 
be a predisposing factor in some cases, 
while others were explained on the basis of 
“cachexia and debilitation.” Some infarcts 
remained, the pathogenesis of which was not 
explained. 

This study was undertaken to determine 
the actual frequency of pulmonary infarcts 
in the absence of congestive heart failure 
and to determine the reason for their occur- 
rence. 
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The Incidence and Etiology of Pulmonary Infarction 


in the Absence of Congestive Heart Failure 


Method of Study 


A total of 2250 autopsies performed at Monte- 
fiore Hospital between 1950 and 1956 were re- 
viewed. One hundred eighteen cases of complete 
embolic occlusion of a branch of the pulmonary 
artery were found and included in this study. Only 
embolic occlusions were included, since thrombi 
introduce factors of gradual occlusion and incom- 
plete occlusion, both of which can alter the re- 
sponse of the pulmonary collateral circulation 

All pulmonary infarcts included in this series 
were examples of hemorrhagic infarction. Several 
lesions comparable to the incomplete infarct of 
Hampton and Castleman*® were noted but were not 
included. The anatomic evidence of cardiac pathol- 
ogy at necropsy was considered indicative of car- 
diac disease regardless of clinical correlation. The 
determination of heart failure was somewhat more 
difficult. Heart failure was considered present if 
necropsy revealed acute or chronic passive con- 
gestion of the lungs or pulmonary edema in the 
presence of heart disease. However, since clin- 
ically controlled cardiac decompensation might 
show few or none of these anatomic findings, a 
review of the clinical record was indicated in some 
cases. Included in this study were a review of 
the medical history and physical examination on 
admission, venous pressure and circulation time 
(if performed), chest roentgenograms (with em- 
phasis on the cardiac silhouette and evidence of 
pulmonary congestion), electrocardiogram, and, 
finally, a careful review of the clinical course in 
the hospital. 


Results 

The statistical analysis of the 118 cases 
is presented in the accompanying seven 
tables. As noted in Table 1, the age distri- 
bution corresponded with previous statistical 
studies.** Eighty-seven per cent of all 
cases occurred between the ages of 41 and 
80 years, and forty-seven per cent, between 
51 and 70 years of age. There was no sex 
prevalence (Table 2). Since pulmonary in- 
farcts have been related to the function of 
the cardiopulmonary circuit, all cases have 
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PULMONARY INFARCTION WITHOUT CONGESTIVE HEART FAILURE 


TasL_e 1—The Age Incidence of Pulmonary 
Emboli 


Z 
° 


_ 


been separated into those occurring in heart 
disease with those occurring in 
heart disease without failure, and those oc- 
curring without associated heart disease 
(Table 3). 
heart disease with congestive heart failure 
(45% of all cases). Of these, 90% had 
infarcts, and presumably infarcts were ab- 


failure, 


The largest group comprised 


Tas_e 3.—The Distribution of Pulmonary Emboli 
and Infarction with Reference to 
Cardiopulmonary Function 


TaBLe 2.—The Sex Incidence of Pulmonary 
Emboli 


Total___. 


listed separately to avoid a possible source 
of error. The last group, comprising 36% 
of all the cases, had no heart disease, yet 
47% of them had pulmonary infarcts. It 
was this group of pulmonary infarcts, oc- 
curring in patients with no demonstrable 
heart disease, that was of interest, since the 
predisposing factor of passive congestion of 
the lungs was absent. This group repre- 
sented 17% of all cases and 27% of all 
infarcts. 


TaBLeE 4.—The Age Incidence of Pulmonary 
Infarcts Occurring in the Absence of 
Heart Disease 


Emboli, 
Total Infaret, Infarct, 
No No. No. 

Heart disease with failure 
Heart disease without failure 
No heart disease 


Total 


sent in the remainder only because there 
was insufficient time for their development 
prior to death. In 18% of the cases there 
was heart disease without congestive heart 
failure, and only 33% of these cases devel- 
oped infarcts. This group included those 
in which the heart disease was an 
incidental or secondary finding at necropsy 
and not directly related to the patient’s 
death. Functionally, these cases should be 
classified in the group of no heart disease, 
since they represent instances of only po- 
tential congestive heart failure. They are 


cases 


TaBLe 5.—The Sex Incidence of Pulmonary 
Infarcts Occurring in the Absence of 
Heart Disease 


Z 
° 


0 
0 
1 
3 
2 
5 
7 
2 
0 
20 


3ecause of the particular interest in this 
group, the age and sex incidence were re- 
evaluated as shown in Tables 4 and 5. 
These findings corresponded to those of the 
entire series of cases. In Table 6, the pri- 
mary disease process in each of these cases 
has been listed. In one case a pulmonary 


TaB_e 6.—Primary Disease Processes in Cases of 
Pulmonary Infarction Without Heart Disease 


No. 


16 


(c) Esophagus 

Cervix 
Lymphoma (Hodgkin's disease) 
Neurological disease 

(a) Parkinsonism 

(b) Multiple sclerosis 
Pulmonary infarction 


Total 


5 
4 
3 
2 
1 
1 


Age No. 
0-10. le 
11-20. one 59 
21-30-. 
31-40... _. 
61-70... 
81-90. _. 
Total_.__. I 
Age 
— 
Disease = 
(a) Lung 
(6) Stomach 
(c) Pancreas 
(d) Breast 
No. 3. 2 
20 2» 
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Taste 7.—The Incidence of Predisposing Factors in Pulmonary Infarction Occurring 
in the Absence of Heart Disease 
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Pleural 


Bronchial 
No. Effusion 


Obstruction 


x 


XXX XXX 


13,991 x 
14,143 


Total 


infaret secondary to thrombosis of the calf 
veins with embolism was the only pathologic 
sequence. Seventeen of the remaining cases 
had a malignant neoplasm, and ten of these 
involved the lung either as a primary or as 
a metastatic lesion. A predisposing relation- 
ship between a tumor and an infarct was 
considered to exist in only one instance. 
The remaining pulmonary tumors were 
either of insufficient size or of improper 
location to be a factor in the pathogenesis 
of the infarcts. 

Other disease states which are considered 
to be a factor in the pathogenesis of pul- 
monary infarction are listed in Table 7. It 
is noteworthy that in 19 of the 20 cases 
occurring without associated heart disease 
two or more of these conditions were pres- 
ent. In the remaining case the infarct 
occurred in a segment of lung in which 
numerous emboli had lodged. The inclusion 
of shock as a predisposing factor may 
arouse some discussion. The mechanism of 
such predisposition will be described later. 
Terminal shock was never regarded as a 
predisposing factor, since there would be 
insufficient time for an infarct to develop. 
Therefore, episodes of shock were consid- 
ered a predisposing factor only when they 
occurred at a time interval before death 
which was thought compatible with the age 
of the infarct at necropsy. Fifty per cent 
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Atelectasis 


Multiple 


Pneumonia Emboli 


Shock 


x 

Lipoid x 

x 

x 

x x 

x 

x x x 

x x 

x 

x x 
x 

x 

x 

x x 

x x 

x 

x 

x 

5 18 


of the cases unassociated with heart disease 
had a documented episode of this type. 


Comment 


The results show that pulmonary infare- 
tion occurs in the absence of congestive 
heart failure. Actually, Hampton and 
Castleman * stated that 30° of 370 autop- 
sies with pulmonary embolism or infarction 
occurred in noncardiacs, of whom 62% had 
had infarcts. The problem then exists as 
to how sufficient compromise of the circula- 
tion of the lung developed, in the absence of 
heart failure, to result in pulmonary infare- 
tion following embolization. E-xperimental 
production of pulmonary infarction has 
been attempted for more than 100 years. 
Many of these experimental data have been 
contradictory and, as a consequence, ex- 
tremely confusing. One fact, upon which 
all agree, is that the pulmonary circulation 
is extremely complex and, in an otherwise 
normal lung, simple occlusion of a pulmo- 
nary artery will not lead to pulmonary 
infarction. Therefore, a basic understand- 
ing of the pulmonary circulation is essential. 

It is well known that the arterial circula- 
tion is furnished by both the bronchial and 
the pulmonary arteries. It is also accepted 
that, apart from an insignificant amount 
drained by the bronchial veins, this blood 
is returned to the left side of the heart by 
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PULMONARY INFARCTION 


the pulmonary veins. Within the lung there 
are numerous anastomoses between the three 
major blood vessels, namely, the bronchial 
and pulmonary arteries and the pulmonary 
in addition to the capillary net- 
work. Liebow demonstrated 
bronchopulmonary venous shunts in emphy- 
sema.'* Therefore, the anatomic 
pattern consists of a huge anastomotic net- 
work with two major sources of supply and 
one major source of drainage. Some inves- 
tigators have disclaimed the role of the 
bronchial artery in the pathogenesis of 
pulmonary infarcts.'’"! Since the bronchial 
artery can maintain the integrity of the 
lung after ligation of the main pulmonary 
artery,** it must be assumed it is also a 
factor in preventing infarction after occlu- 
sion of a smaller pulmonary artery as well. 
Secause of its size this role may be less 
important than that of the pulmonary artery 
and vein, but in a marginal state the bron- 
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chial artery may be extremely important in 
affecting the viability of a segment of lung. 


Clinically as well as experimentally, if two 
or more of these major vascular channels 
are compromised, infarction will often re- 
sult, provided sufficient time elapses.'°™ 
The only reported instance in which infare- 


tion followed obstruction of one major 
channel was a case reported by Pecora.™ 
In this case infarction of the lung followed 
surgical ligation of the main pulmonary 
artery. Because of the diffuse anastomotic 
network, the situation is somewhat different 
when a segment of pulmonary parenchyma 
smaller than a lobe is involved. There must 
be a compromise of the anastomotic circula- 
tion in addition to occlusion of the main 
artery supplying such a segment. Passive 
congestion of the lungs, because of its dif- 
fuse nature, achieves such a result. If other 
conditions are to predispose to infarction, 
they too must involve a considerable portion 
of pulmonary parenchyma adjacent to the 
involved segment of lung. Each of the fac- 
tors listed in Table 7 exerts such an influ- 
ence. These be arbitrarily 
classified as extrapulmonary, parenchymal, 
and circulatory. 
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factors can 


WITHOUT CONGESTIVE HEART FAILURE 


1. Extrapulmonary Factors.—The first 
factor, pleural effusion, exerts hydrostatic 
pressure on the lung. This force initially 
results in atelectasis, but as the pleural 
effusion increases it results in vascular col- 
lapse as well. Karsner '° has experimentally 
produced infarcts following artificial effu- 
and arterial occlusion. 
Clinically, pleural effusion would be a pre- 
disposing factor chiefly in the lower lobes 
except in instances of massive effusion. This 
is extremely important, since most emboli 
lodge in the lower lobes. A diagnostic prob- 
lem exists at necropsy, since, in addition to 
being a predisposing factor to infarction, 
pleural effusion may result from an infarct. 
Differentiation was established on the char- 
acter and volume of the pleural effusion in 
these cases. 


sion pulmonary 


2. Parenchymal Factors——Pulmonary pa- 
renchyma is unique, since by its nature it 
can exchange gaseous metabolites directly 
with the atmosphere and indirectly by means 
of the blood stream. After bronchial ob- 
struction, however, the pulmonary circula- 
tion remains as the only medium of such 
exchange. Under these circumstances any 
compromise of the circulation would be 
more critical than in a normal state. DBru- 
has postulated that this situation 
predisposes to infarction, and Karsner '° 
has demonstrated this experimentally. In 
this series there is one instance of such a 
circumstance, which resulted from a large 
hilar tumor obstructing the bronchi. Atelec- 
tasis may predispose to infarction only by 
nature of its etiology, which may be bron- 
chial obstruction or an external force, such 
as pleural effusion. 

The circulatory changes in pneumonia, as 
demonstrated by Mathes et al.,! consist 
chiefly of thrombosed capillary channels. 
Such a condition, if extensive, would effec- 
tively reduce the collateral circulation and 
thereby predispose to infarction. Roach 
and Laufman?® concluded that distemper, 
an analogous condition in dogs, does predis- 
pose to the experimental production of pul- 
monary infarcts. The circulatory changes 
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in emphysema and bronchiectasis have been 
studied by Liebow et al.’78 In emphysema 
bronchopulmonary venous shunts are de- 
scribed which should not predispose to in- 
farction. However, in emphysema numerous 
alveolar septa are ruptured which reduce 
the size of the capillary bed and the collat- 
eral circuit. This may have an effect in 
favoring the development of an infarct. 
Since pulmonary fibrosis usually connotes 
destruction of pulmonary parenchyma, a 
similar effect may also be present in this 
condition. 
nary 


In bronchiectasis bronchopulmo- 
arterial shunts are formed which 
should help prevent the development of in- 
farcts. In this series emphysema, pulmo- 
nary fibrosis, and bronchiectasis were not 
significant factors in the production of pul- 
monary infarcts. The circulation of neo- 
plasm of the lung has been studied by 
Wright '® and found to be derived from 
the bronchial In the absence of 
bronchial or vascular compression, however, 
the role of pulmonary tumor in the patho- 
genesis of infarction is obscure. 


artery. 


3. Circulatory Factors —Fllis et have 
demonstrated the experimental production 
of infarcts as a result of multiple emboli. 
Certainly the effectiveness of an anastomotic 
network in a given segment of lung would 
be markedly impaired if the adjacent vessels 
supplying this network were also occluded. 
In this there instance in 
which numerous emboli were present with- 


series Was one 


out other predisposing factors. Associated 
with many cases of pulmonary embolization 
is an episode of shock and, more specifically, 
a drop in blood pressure. According to 
‘arin,”® this is secondary to peripheral ar- 
teriolar dilatation which follows a sudden 
rise in pressure of the pulmonary artery 
proximal to the occlusion. This peripheral 
arteriolar dilatation involves the bronchial 
artery as well. If the pressure in the 
bronchial artery falls, the collateral circula- 
tion of the involved segment of lung from 
this source proportionately diminishes.?! If 
one accepts the bronchial circulation as a 
factor in preventing pulmonary infarction, 
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the effect of shock in minimizing the effec- 
tiveness of this factor must also be accepted. 
Therefore, in the absence of other par- 
enchymal or extrapulmonary factors, it ap- 
pears possible to develop pulmonary infarcts 
solely from multiple pulmonary emboli and 
shock. 
plained infarction in the present series fit 
into this category. Conclusive experimental 
evidence for this premise unfortunately is 
lacking. This concept would explain those 
cases of pulmonary infarcts occurring in 
otherwise normal lungs which hitherto were 
ascribed to such entities as cachexia and 
debilitation. 


Indeed, six of the cases of unex- 


Summary and Conclusions 


Pulmonary infarction can occur in the ab- 
sence of congestive heart failure and in the 
absence of heart disease without decompen- 
sation; 27¢¢ of all infarcts in this study 
occurred in this group. 

Congestive heart failure is the most fre- 
quent predisposing factor in the develop- 
ment of pulmonary infarction. 

In the absence of congestive heart failure, 
pleural effusion, pneumonia, atelectasis, and 
bronchial occlusion can predispose to in- 
farction. 


It is proposed that multiple emboli and 
the associated shock cause sufficient impair- 
ment of the bronchial and pulmonary circu- 
lation in an otherwise normal lung to result 
in pulmonary infarction. 


Laboratory Division, Montefiore Hospital, 210th 
St. & Bainbridge Ave. (67). 
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Obituaries 


GEORGE GOMORI, M.D. 
1904-1957 


Dr. George Gomori, born in Budapest, Hungary, July 16, 1904, died Feb. 28, 
1957, of a myocardial infarction. This marked the untimely end of a brilliant 
and warm human being. He received his M.D. degree from Budapest in 1928 
and his Ph.D. in Medicine from The University of Chicago in 1943. In Budapest 
he rose from junior assistant in surgery to assistant professor. In 1938 he came 
to this country and after a brief stay in a private hospital laboratory became 
assistant in medicine at The University of Chicago and rose from there to become 
Professor of Medicine in 1949. In 1956 he left The University of Chicago and 
moved to Palo Alto, Calif. He was a Fellow of the American Medical Association 
and a member of the Society for Experimental Biology and Medicine, the Ameri- 
can Society of Clinical Pathologists, and the Central Society for Clinical Investi- 
gation. He was a founder and at the time of his death President of the 
Histochemical Society. He was on the editorial board of the American Journal 
of Clinical Pathology and the Journal of Histochemistry and Cytochemistry. In 
1955 he received the Ward Burdick Award of the American Society of Clinical 
Pathologists recognition of his contribution to the field of pathology. 

Several thoughtful and laudatory eulogies have already been written marking 
George Gomori's passing. In these several places his fine qualities as a human 
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being and his intellectual skills have been recounted. It seems, therefore, ap- 
propriate here to attempt to assess another important aspect of George 
Gomori’s life; namely, the impact of his work in the present and its meaning to 
the future of biology and in particular pathology. In the introduction to his book 
“Microscopic Histochemistry” published in 1952, Dr. Gomori says, “Histochemistry 
is a borderline field between histology and analytical chemistry or biochemistry.” 
He indicates further that histochemistry, and in particular that variety, microscopic 
histochemistry, which was his particular area was almost nonexistent until the 
late 1930’s. Until then only a few chemical reactions, such as those for iron, 
starch, and fat, could be called truly histochemical. The majority of methods used 
to demonstrate cellular elements consisted of staining procedures concerning which 
little in the realm of chemistry was known. The name of Gomori along with 
that of Lison stands out in this beginning era, and the name of Gomori has 
continued to stand out through the intervening years. His first paper on alkaline 
phosphatase, published in 1939, marked the real beginning in enzymatic histo- 
chemistry. Here for the first time someone took an enzymatic activity described 
previously in test-tube reactions and attempted to define conditions under which 
a specific precipitate could be visualized at the site of its formation in a tissue 
section. In achieving this Gomori set the pattern of future development in this 
field. It is of interest to consider the fact that the information necessary to produce 
this demonstration had been present for a number of years before. It took insight 
and imagination to put the pieces together. [Following along this path George 
Gomori and others have since been able to demonstrate not only alkaline and 
acid phosphatases but lipases and a variety of esterases, including acetylcholine 
esterase. In the case of the lipases Dr. Gomori had to search for several years 
among various fatty acid esters until he found a series among the commercial 
detergents which suited his conditions. In the case of certain of the esters of 
phenolic substances he again sought and synthesized fairly systematically a great 
many until he found those suited to the histochemical conditions. His usual 
approach to a problem was the following: Having selected a particular chemical 
linkage or chemical grouping which might be acted upon enzymatically, he would 
search for the compound which might work in the histochemical system. Some- 
times he had stated reasons and sometimes only his intuition in the initial search. 
Having once established the workability of a particular chemical reaction, he 
would then set about systematically to modify the substrate. With any given 
substrate he always tried multiple tissues from a single animal species and also 
tried the tissues of different animal species. For this purpose he always kept a 
stock of “compound” blocks and cut tissues. On one slide there might be as many 
as seventeen to twenty organs and tissues neatly and prettily compositéd. He was 
always interested in the application of the new histochemical reactions developed 
in his laboratory to medical problems and regularly collected fresh material from 
the surgical pathology laboratory and autopsy material from the morgue. Fre- 
quently these were examined with the new method along with the animal tissues. 
In addition to his studies on enzymes he examined the characteristics of other 
chemical reactions in microscopic sections. He confirmed and extended the notion 
developed by Lison and by Erspamer that the histochemical reactions characteristic 
of enterochromaffin cells were those of a phenolic substance. His original notion 
that it closely resembled resorcinol he was later willing to modify, and he conceded 
that it was 5-hydroxytryptamine, as Erspamer had suggested. Another reaction 
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which he examined was that of hydrazine derivatives in adrenal cortex, originally 
assumed to be due to the presence of ketosteroids. Here he was able to show 
clearly that the reaction was most likely due to the spontaneous oxidation of lipid 
material present in the adrenal cortex. These things bring out another of his 
characteristics, namely, that he was always ready to be convinced by suitable 
evidence. He was very critical of his own work and critical of the work of 
others. He was capable of lauding a good piece of investigation and of sharply 
criticizing that which he considered to be sloppy. He could simultaneously admire 
inventiveness and criticize sloppiness of detail. 

In addition to his exploration of enzymatic microscopic histochemical reactions 
he explored a variety of enzyme reactions and nonenzymatic chemical reactions 
in the test tube. He also explored and invented new kinds of staining procedures 
which were not strictly histochemical; his trichrome stains and his chrome hema- 
toxylin stain are widely used in histology and pathology. In his book almost every 
histochemical reaction about which he speaks was tried by his own hands and 
assessed as to its merit. In writing about his researches he was terse and though 
usually clear somewhat impatient about recording detail. In addition, he had the 
capacity shared by other bright minds of forgetting or not recognizing certain 
details which he performed instinctively or by force of habit. Some of these 
omissions have caused others less cognizant of the facts and less competent in their 
management to be critical of some of his methods. 

George Gomori had the imaginative and the inventive mind combined with the 
scientific critical judgment, the ingredients of fruitful investigation. Although he 
applied histochemical techniques to many organs and tissues and to many species 
and pathologic processes, he did not do so blindly or wantonly. He did it always 
in an intelligently exploratory fashion, and what he considered inconsequential 
he did not publish. Although he considered that histochemistry had become firmly 
established as a science in its own right, nevertheless it was and is still a young 
science. He firmly believed that it would be the exploration of new methods, of 
new substrates, of new enzyme systems, and of new chemical reactions which 
would produce the fruit of this science in biology and in pathology. This was 
George Gomori’s work, and this is the heritage which he leaves to those engaged 
in histochemistry to carry on. 


P. Benpirt, M.D. 
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News and Comment 


PERSONAL 


Award for Dr. James B. McNaught.—Dr. James B. McNaught, of Denver, was 
recently awarded a certificate of “highest merit” and a gold medallion at the annual meeting 
of the American Society of Clinical Pathologists. The award was made in recognition of 
his great contributions to clinical pathology. 


Fourth Annual Ludvig Hektoen Memorial Lecture—The 4th Annual Ludvig 
Hektoen Memorial Lecture was given by Dr. Cecil Watson, Chairman of the Department 
of Medicine of the University of Minnesota, at the Cook County Hospital, in Chicago, on 
Feb. 6, 1958. The title of the lecture was “Some Recent Studies of the Porphyria Problem.” 


ANNOUNCEMENTS 


Conference on Chemical Organization of Cells—A Conference on the Chemical 
Organization of Cells, Normal and Abnormal, will be held in Madison, Wis., on Aug. 21, 
22, and 23, 1958. 

Participants will be authorities on anatomy, biochemistry, embryology, and pathology, who 
will present correlated recent information about the cell in a series of formal presentations. 

Inquiries should be addressed to Dr. Joseph J. Lalich, Professor of Pathology, University 
of Wisconsin, Madison 6, Wis. 

A limited number of travel stipends may become available later this spring. Information 
will be advertised in appropriate journals and circularized to those who have already registered 
with Dr. Lalich for the conference. 


Bertha Goldblatt Teplitz Award.—The Ann 
announces an annual award of $500 for meritorious investigation in the field of cancer research, 
either clinical or laboratory. The award is being supported by the family of the late Bertha 
Goldblatt Teplitz and carries her name. 

Competition shall be limited to physicians and other scientists, clinical or laboratory, under 
the age of 45. The name of the recipient of the 1958 award will be announced May 1, 1958. 


Langer Cancer Research Foundation 


The award committee consists of Dr. Austin M. Brues, Director of Biological and Medical 
Research, Argonne National Laboratory, and Professor, University of Chicago; Dr. Israel 
Davidsohn, Director of Laboratories and Research, Mount Sinai Hospital, and Professor, 
Chicago Medical School; Dr. Danely P. Slaughter, Director, Tumor Clinic, University of 
Illinois, and Professor, University of Illinois College of Medicine; Dr. Albert Tannenbaum, 
Director, Department of Cancer Research, Medical Research Institute, Michael Reese 
Hospital, and Dr. William B. Wartman, Chairman, Department of Pathology, Northwestern 
University Medical School. 

Nominations should be submitted to Teplitz Award Committee, 612 N. Michigan Ave., 
Chicago 11, by March 15, 1958, and should be accompanied by a short one-page statement and 
biography. 

Fellowships for Tissue-Culture Course.—The National Foundation for Infantile 
Paralysis is again offering fellowships to postdoctoral investigators, teachers, graduate students, 
and experienced laboratory personnel with the baccalaureate degree for participation in short 
courses in tissue culture. 

Fellowships may be used for study only in formal courses designed to teach the principles, 
techniques, and application of tissue culture. Funds will be awarded for the period necessary 
to complete the course, which, in most instances, is not expected to exceed six weeks. 

Financial assistance, based on individual need, may include an allowance for maintenance, 
for tuition and fees, and for round-trip transportation. 


583 


| 

> 


A.M. A. ARCHIVES OF PATHOLOGY 


Further information and application forms may be obtained from the Division of Profes- 
sional Education. Completed application should reach the National Foundation at least six 
weeks prior to the beginning of the course. 

Write to Division of Professional Education, National Foundation for Infantile Paralysis, 
301 E. 42d St.. New York 17. 


Supplement to “Survey of Compounds Which Have Been Tested for Carcinogenic 
Activity.”—Supplement I to “Survey of Compounds Which Have Been Tested for 
Carcinogenic Activity” is now available. The publication lists 981 compounds which were 
tested during the period 1948 through 1953. Data were collected and classified by Prof. 
Philippe Shubik, of the Chicago Medical School, and Dr. Jonathan Hartwell, of the National 
Cancer Institute. Of the total number tested, 779 are reported for the first time in these 
tests. Copies of the new publication are available from the Superintendent of Documents, 
U. S. Government Printing Office, Washington 25, D. C. at $3.50 each. 
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BOOK REVIEWS 


Friiherkennung des Collumcarcinoms: Leistungen und Grenzen der Kolposkopie, 
Cytologie und Histologie. Deutsche Gesellschaft fir Gynakologie. C. Kaufmann, 
conductor of symposium. Edited by H. Runge, K. G. Ober, and P. Stoll. Price, DM 12.80. 
Pp. 75, with 19 illustrations. Springer-Verlag, Reichpietschufer 20, (1) Berlin W. 35, 1957. 


A symposium on the efficiency and limitation of cytology, colposcopy, and histology in the 
early detection of cervical carcinoma was held at the thirty-first meeting of the German Society 
of Gynecology in 1956. The papers given there and the discussions are now published under 
the auspices of C. Kaufmann, Cologne. The panel consisted of the most outstanding men in the 
field. In Germany, the country where colposcopy was introduced, cytology is regarded more 
effective than colposcopy in the detection of cervical carcinoma. The papers presented in this 
fascicle reflect rather controversial viewpoints of individual panel members. It is unfortunate 
that the papers were hardly discussed, probably owing to the limited time. It seems to this 
reviewer that it would have been better to limit the wide-range program and allow a thorough 
discussion of the disputable points. 


Lehrbuch der allgemeinen Pathologie und der pathologischen Anatomie. By Herwig 
Hamperl. Price, DM 58. Pp. 773, with 686 illustrations. Springer-Verlag, Reichpietschufer 
20, (1) Berlin W 35, 1954. 


The great demand of German medical students had necessitated the 20th and 21st editions of 
Ribbert’s popular textbook of general pathology and pathologic anatomy shortly after its 
previous edition. The book has for years been published and renewed by Dr. Herwig Hamper, 
Professor of Pathology at the University of Bonn. The name of the author, well known in this 
country, is a guarantee of quality of book. “A suitable textbook of pathology for medical 
students should omit many things out of the multiplicity of facts and opinions” and “every 
author will proceed according to his own principles and aims.” Therefore, well-established and 
subjectively selected fundamentals of general and organ pathology are treated precisely and in a 
lively German, while “the often changing interpretations and opinions” are left out. This is 
his privilege, and we are not to criticize him for certain shortcomings. However, an American 
reader will be annoyed by several flaws. For example, the chapter on fungus disease is very 
sketchy and incorrect; histological classifications of tumors (lung, breast) are antiquated. 
Why does he spend three pages on the intestinal manifestations of typhoid fever, while 
ulcerative colitis is scarcely treated? On the other hand, the introduction on the general 
aspects of tumors, leukemias, resistance, and many parts of the organ pathology are superbly 
done, though the text is often compressed. Noteworthy is the author's ability to develop 
clearly and logically pathogenetic principles in the treatment of inflammation or vascular 
renal diseases. The illustrations (black-and-white photographs, drawings) are of good quality 
and instructive. Magnifications of photomicrographs are mostly lacking. Certainly a great 
help to the beginner are the many translations of foreign terms and explanations of authors’ 
names. The newly added references are mostly those of the German literature. The book 
is accurately printed on good paper. 


Gout. Second edition. By John H. Talbot, M.D. Price, $6.75. Pp. 205, with 74 illustra- 
tions. Grune & Stratton, Inc., 381 Fourth Ave., New York 16, 1957. 


This little monograph has been colorfully written and magnificently illustrated. Considera- 
tions of the hereditary nature of this disease, its clinical picture, the intermediate metabolism 
of uric acid, renal exchanges of urates, the pharmacology of antigout drugs, and the treat- 
ment of gout have resulted in a monograph that deals with all aspects of gout. A more com- 
plete coverage of gout is probably not available in recent English medical literature. 
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Principles of Urology: An Introductory Textbook to the Diseases of the Urogenital 
Tract. By Meridith F. Campbell. Price, $9.50. Pp. 622, with 319 


illustrations. 
W. B. Saunders Company, 218 W. Washington Sq., Philadelphia 5, 1957. 


The broad fundamentals of urology are presented in a very didactic, pedagogic, yet re- 
freshingly clear manner. Basic anatomy and physiology are succinctly reviewed; diagnostic 
studies up to the point of major urosurgical intervention are carefully discussed, and minor 
urosurgical office procedures are outlined. Although this book was written primarily for the 
medical student and general practitioner, almost every physician would find numerous oc- 
casions to refer to it. 


Clinical Pathology in General Practice. By the British Medical Association. Price, $5. 


Pp. 321, with 51 illustrations. J. P. Lippincott Company, 227-231 S. 6th St., Philadelphia 5, 
1957. 


This book was written for the purpose of acquainting the general practitioner with the most 
effective way of utilizing laboratory facilities. The interpretations of laboratory tests which 
are used to evaluate body function are discussed, and practical techniques for the handling of 
specimens are carefully outlined. Numerous pearls of information and that distinctively clear 
style of writing peculiar to so many British authors have been combined to make a book that 
would be useful to general practitioners and hospital pathologists. 


IF YOU CHANGE ADDRESS 
Please notify us at least six weeks before you make the change. 
With your notification, include the address label clipped from the latest copy 


of the journal. If your city has postal zone numbers, be sure to include the zone 
number in your new address. 


You will want to get your copies promptly; so notify us at least six weeks in 
advance. Send your change notice to 
A. M. A. Archives of Pathology 


American Medical Association 
535 North Dearborn St. 
Chicago 10, Illinois 


iT 


| 
| 
| 
| | 
y 
| 
| 
| | 
| 
586 


IT’S ACCURATE! 


1. Add 4 drops serum or plasma 
to one PHOSPHATAB tablet 
in special tube. 


2. Crush tablet. 


3. Let stand at room 
temperature 12-30 minutes. 
(time from chart) 


+ 


Add 1 drop 
of color developer: mix. 


iT’S HERE! STAT ASSURANCE in 
your alkaline phosphatase testing. 


First control available over routine tests. 


Compare color. 


Time-saving, work-saving gauge for 
proper dilution for longer work up. 


Rapid tool for sorting out normal sera. 


Quick, clinically-significant way 
to do essential last-minute ‘‘stats’’. 


ORDER NOW (alkaline) with Teswells 


from your laboratory distributor 
WARNER-CHILCOTT 


MORRIS PLAINS. N. J. 


’"S THIS FAST! 
| 
~ 
k 
| 


GUIDE TO 
CURRENT PUBLICATIONS 


YOUR 


Divided into sections, one devoted 
to books and the other to periodical 
literature, the QUARTERLY CUM- 
ULATIVE INDEX MEDICUS con- 
tains a list of current publications 
alphabetized as to authors and sub- 
jects. The exact bibliographic refer- 
ence is given under the author with 
titles in the original language, while 
titles under subjects are all in Eng- 
lish. The index also includes a 
listing of journals, addresses and 
publishers. 


SUBSCRIPTION PRICE $25.00 PER YEAR 
CANADIAN AND FOREIGN $27.00 PER YEAR 


Quarterly 
Cumulative 
Index Medicus 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


WITH AUTHORS AND SUBJECTS... 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a 
year; volumes are cloth bound and 
cover periodicals for six months as 
indicated on the publication. These 
two volumes will be a convenient 
and inclusive reference for current 
medical literature. Invaluable for 
practitioners, specialists, teachers, 
editors, writers, investigators, stu- 
dents and libraries. 
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THE NEW 


MEDICAL & LABORATORY 
MICROSCOPE srr 


Leitz sets a new standard in introducing this 
general purpose microscope for student and 
laboratory use. The SM model embodies the 
advances of design and craftsmanship that only 
100 years of microscope experience can provide. 
It combines solid construction and operational 
ease with: true accuracy and precision. The 
Leitz MEDICAL & LABORATORY MICROSCOPE SM 
is an ideal microscope for the laboratory. 
Among its outstanding features are: 


© Famous Leitz ball-bearing, single knob, dual 
focusing control, combines fine and coarse 
focusing 

¢ Handsome design, solid and dependable 
construction 

 Flat-surfaced stand of corrosion-resistant light 
alloy 

* May be used turned away from observer for 
easy accessibility to slide 

* Instant-locking device changes tubes (inclined 
or straight monocular or binocular) in a one-step 
Operation 


A TYPICAL COMBINATION OF ACCESSORIES * Variety of object stages to choose from 
MEDICAL & LABORATORY MICROSCOPE $M, with ¢ Removable mirror interchanges with attach- 
inclined monocular tube, mechanical stage; two-lens 
condenser with gwing-out upper element ond iris able illuminators 

iaphragm; quodruple nosepiece; mirror and fork; ing- igh- 
carrying case. With optical outfit consisting of * Retractable spring-loaded mounts on high 
10x, 45x, and 100x—oil powered objectives provide positive protection 


against damage to slide or front lens. 


E. Leitz, Inc., Dept. AP-5 { 
468 Fourth Avenue, New York 16, N. Y. 
Please send me additional information on 
the SM Microscope 


] streer 


city ZONE STATE. 


E.LEITZ, iNcC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Oistributors of the woritid-famous products of 
Ernst Leitz G.m.b.H.,Wetzlar, Germany—Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES - MICROSCOPES - BINOCULARS 
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NATIONAL 


BIOLOGICAL STAINS and INDICATORS 


notes from a 
MICROSCOPIST’S 
NOTEBOOK 


FAT STAINING 


Techniques and solutions for the demonstration of fat in 
tissue have advanced markedly since Daddi’s first oil soluble 


dye for this purpose in 1896. 


Using alcohol as the solvent for the dye, early workers often 
dissolved out much of the fat present. Subsequently, solutions 
based on equal parts of 70% alcohol and acetone were used, 
and more recently solutions of 50% to 60% isopropanol 

and ethylene glycol or propylene glycol have found favor. 


Advances in solutions have been paralleled by better tech- 
niques and the availability of a wider selection of fat stains 
which provide greater depth of color and contrast. 


National has steadily expanded its line of Biological Stains 
and Indicators to include the principal stains in current use 
for demonstrating fat in tissue. 


For your convenience, we list their Catalog Numbers: 


#673—Sudan I] * #629—Sudan Black B 
* £635—Sudan III #689—Oil Red O 
* #542—Sudan IV #599—Oil Blue N 


* #686—Nile Blue A 


* Certified by the Biological Stain Commission 


PRODUCTS OF THE PHARMACEUTICAL LABORATORIES 


NATIONAL ANILINE DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N.Y. 
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Low Cost 
FOR FILING 


MICROSCOPIC SLIDES 3 x 1” 
KODACHROME TRANSPARENCIES 
2x 2” SLIDES 

LANTERN SLIDES 

(up to34%x4\%) 
PETROGRAPHIC SLIDES 
When you purchase a 
PARAGON TRAY DRAWER CABINET 
YOU PURCHASE FILING SPACE ONLY 
NO WASTE SPACE-EVERY INCH USED 


U. S. Pat. No. 2,202,047 
C101—Tray Drawer Cabinet for 3 x 1 Micro Slides 
Capacity 4500—1834 x 1534 x 4% 


All Paragon Tray Drawer Cabinets are 
manufactured in standard sizes so that any 
number of sections may be interlocked to 
form one cabinet to accommodate any num- 
ber of varied slides. The dimensions of the 
different cabinets are the same as to length 
and width, varying only in height. The 
cabinet formed by interlocking may be 18% 
x 1534; 1834 x 11 or 1834 x 5 or it may be 
a pyramid with the sections varying in 


width. C221—Capacity 1500 Slides—183%4 x 11 x 3% 
For Filing KODACHROME TRANS- 
PARENCIES and 2 x 2” SLIDES 


SPECIFICATIONS: All Paragon Tray Drawer Cabinets are made of reinforced steel 
construction, olive green finish. Interlocking device enables several units to be joined into 
one. Each sectional unit contains removable drawers with hand grip in front and rear. 
Interlocking steel base obtainable whenever required. Constructed according to rigid 


specifications—not merely adapted. 


Address your orders and inquiries to Dept. P. 
Manufactured Exclusively by 


PARAGON C. & C. CO, inc. . 2540 Belmont Ave., New York 58, N.Y. 
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traliblazer in histologic automation 


THE TECHNICON COMPANY @ CHAUNCEY, NEW YORK 
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